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This book was prepared for the use of the Btudents in the 
anthor'B claawa. II lias been used in lithographed sbeeta for a 
number of years in very nearly tlie present form, and has given 
satisfaction sufBcient to suggest putting it iu print. An effort 
has been madu tJD have the demonHtratlous simple and direct, 
and special care has been given to Che arrangement and the 
typography, in order to secure clearness and conciseness of 
mathematical statement. Much of the material In the earlier 
part of the book is necessarily similar to that found iu one or 
more of several excellent field books, although the methods of 
demonstration nra in many cases new. This will be found true 
especially in Compound Curves, for which simple treatment 
lias been found quite possible. New material will be found In 
the chapters on Turnouts and on "Y" Tracks and Crossings. 
The Spiral Easement Curve is treated originally. The chapters 
on Earthwork are essentially new ; they include Staking Out ; 
Computation, directly and with Tables and Diagrams ; also 
Haul, treated ordinarily and by Moss Diagram. Most of the 
material relBting to Earthwork is not elsewliere readily available 
for students* use. 

The book has been written especially to meet the needn of 
Btudentfl in engineering colleges, but it is probable that it will 
be found useful by many engineers in practice. The size of 
page allows It to be used as a pocket book in the field. U is 
liifficult to avoid typographical and clerical errors ; the author 
will coiifiidor it a favor if he is notified of any errors found to 
eictst. 

C. FRANK ALLEN. 
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RAILROAD CURVES AND EARTHWORK. 



CHAPTER I. 

1. The operations of * locating** a railroad, as commonly 
practiced is this country, are three in number : — 

I. Reconnoissance. 
II. Preliminary Survey. 
III. Location Survey. 

I. RBC0NN0I88ANCE. 

2. The Reconnoissance is a rapid survey, or rather a critical 
examination of country, without the use of the ordinary instru- 
ments of surveying. Certain instruments, however, are used. 
the Aneroid Barometer, for instance. It is very coninionly the 
case that the termini of the railroad are fixed, and often inter- 
mediate points also. It is desirable that no unnecessary re- 
strictions as to intermediate points should be imposed on the 
engineer to prevent his selecting what he finds to be the best 
line, and for this reason it is advisable that the reconnoissance 
should, where possible, precede the drawing of the cliarter. 

3. The first step in reconnoissance should be to procure the 
best available maps of the country ; a study of these will gen- 
erally furnish to the engineer a guide as to the routes or section 
of country that should be examined. If maps of the United 
States Oeological Survey are at hand, with contour lines and 
other topography carefully shown, the reconnoissance can be 
largely determined upon these maps. Lines clearly imprac- 
ticable will be thrown out, the nniximum grade closely deter- 
mined, and the field examinations reduced to a miuiiuvLui. "^v.n 

\ 
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route Gliuuld be accepted fiDa.llj' from nuj e 
careful ticUl esaininatifln sbould be made ove 
caxed on the contour maps. The examination, In general, 
should cover tbe general aectioo of ouuntry, rather than be 
confined to » single line between tbe termini. A Blraigfat line 
and a stmight grade from one terniinuB to the other is desir&ble, 
but tbia is Beldom possible, and is In general fat from possible. 
If a single line only is examined, and this Is found to be nearly 
xlraiglit tlirougbout, and with eatisfaotory grades, it may be 
tbougbt unnecessary to carry tbe examination further. It will 
ttequenily, however, be found advantageous to deviate con- 
siderably fi'ocn a Btraigbt line in order to secnre satisfactory 
grades. In many coses it will be necessary to wimTabout more 
or less through the country in order to secure the best line. 
Where a high hill or a mountain lies directly between tbe 
polutA, it may be expected tbat a line around the hill, and 
Homenhat remote from a direct line, will prove more favorable 
than any other. Unless a reasonably direct line is found, tbe 
examination, to be satisfactory, should embrace all the section of 
intervening country, and all feasible lines should be examined, 

4, 'riiere are two features of topography that are likely to 
prove of especial interest in reconnoissance, ridge lines and 
mlleu lintt. 

A rldffe line along tbe whole of its course is higher than tbe 
ground immediately adjacent to it on each side. That is, tlie 
ground slopes downward from it to both aides. It Is also called 
a lealtrehfd line. 

A raltey line, to the contrary, la lower than the ground Im- 
mediately adjacent to it on each aide. The ground slopes 
upward from it to both sides. Valley lines maybe caUed venter' 

A pass is a place ou a ridge line loner than any neighboring 
points on the same ridge. Very important points to be deter- 
mined in reconnoissance are the posses where the ridge lines 
are to be crossed ; also the points where tbe valleys are to be 
croB8e<i ; and careful attention should be given to theee points. 
In crossing a valley through wblcb a largo stream flows. It may 
be of great importance to find a good bridge crossing. In some 
cases vrhere there are serious diBicnlliea in crossing a ridgs, a 
tunnel may be necessary. Where such stmotures, either 
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bridges or tunnels, are to be buitt, favorable poiots for iheir 
. construGliiin should be selected and the rest of the line be com- 
pelled to conform. In many parti of the United States at tliu 
present time, the necessitj for avoiding grade crossings causes 
the croEsings of roads and streets to besome governing pointi^ 
of as great importance as ridges and valleys. 

5. There are BeveraJ purposes of reconnolsaaDce : first, ti> 
And whetber there is any satisfactory line between iJie propost^ 
lerraini ; if ao, second, to establish which is Uie most feasible ; 
third, to determine approximately the maximum grade ueces- 
sary to be used ; fourth, to report upon the character or 
geological formation of the country, ajid the probable cost of 
construction depending somewhat upon that ; fifth, to make 
note of the existing resources of the country, its manufactures, 
mines, agricultural or natural products, and the capabilities for 
improvement and development of the country resulting from 
the introduction of the rallroacl. The report upon reconnols- 
sa] ice should include information upon all these points. It in 
for the determination of the third point mentioned, tlie rate of 
uiaximutn grade, that the barometer is used. Ubs^rving the 
elevations of governing points, and knovcing the distances he- 
Iween those points, it is poi^ible to form a good judgment as to 
what rate of maximum grade to assume. 

6. The Elevations are usually taken by the Aneroid Sarome- 
ter. Tables for converting barometer readings inlii elevations 
above sea-level are readily available and in convenient form for 
field use. (See Searles' or Henck'a Field Books.) 

Distances may be determined with sufQcient accuracy in 
many cases from the map, where a good one exists. Where 
tills method is Impossible or seems undesirable, the distance 
muy be determined in one of several different ways. Wlien 
the trip is made by wagon, it is customary to use an Odometer, 
ail instrument which measures and records tlie number of 
revolutioiiB of tlie wheel to which it is attached, and thus Uie 
distance traveled by the wagon. There are different forms of 
odometer. In its moat common form, it depends upon a hang- 
ing weight or pendulum, which Is supposed to hold its position, 
liangiug vertical, while the wtieel turns. The instruaient is 
attached to the wheel between the spokes and as near to the 
hub as practicable. At low speeds it registers accutu-ti&Vi \ T&'^^an 
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Hpeed 1b iiiareaaed, a puiiil \e reached where the ceDtilfugal force 
neutralizus or ovurcomM Iho force of gravity upon Uie pendu- 
lum, and tlie inaLmuieiit fails to register accurately, or perhaps 
at high speeds to register at all. If this form of odometer is 
used, a clear anderstonding abouid be had of the conditions 
under which it fails to oom>ctJy register. A tbeoi«ticat discuv 
sinn uiigUt closely establish tha point at which the centrifugal 
force will balance Che force of gravity. The wheel striking 
against stunes in a rough road will create disturbances in the 
action of the pendulum, so tliat the odometer will fail to regiater 
accurately at speeds less than Uiat determined upon the above 
assumption. 

Another form of odometer is manufactured which is con- 
nected both witli the wheel and the axle, and so measures 
positively tlie relative motion between the wheel and axle, 
and this ought to be reliable for ivgisleriiig accurately. Many 
engineers prefer to count the Tevolntions of the wheel theui' 
selves, tying a rag to the wheel to muke a conspicuous mark 
[or counting. 

When tlie trip Is made on foot, pacing will give satisfactory 
results. An instrument called the Ptdomeler registers tin- 
results of pacing. As ordinarily constructed, the graduations 
read to quarter miles, and it is possible to estitnate to uni.-- 
tenth tliat distance. Pedometers are also made which regisKt 
paces. In principle, the pedometer depends upon the fiict that, 
with each step, a certain sliock or jar is produced as the hei-i 
strikes the ground, and each shock causes tbe instrument to 
register. Those registering miles are adjustable to the length 
of pace of the wearer. 

If the trip is made on horseback, it is found possible to get 
good results with a steady^»ited horse, by first determining bin 
rate of travel and tlgnring distance by tlie time consumed in 
traveling. Excellent reatdia are said to have been secured in 
this way. 

7. It is customary for engineers not to use a compass in 
reconnoissance, although this is sotnetimes done In order to 
trace tlie line traversed upon tlie map, and with greater accu- 
racy. A pocket level will be found useful, 'llie skillful use of 
pocket instniinents will almost certainly be found of great value 
o the en^eer of n 
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Ii may, in cases, occur that no maps of any value ar.^ ii 
existence or procarable. It may be necessary, in such a caiir 
tu make a rapid I iistru menial survey, the n 
taken eitlier by pacing, chain, or stadia e 
is, however, unusual. _ 

8. The preliminary survey is bascil upon the results of Ilie 
rcconnoissance, and the locntion upon the re.^ults of the pvc- 
liminary survey. Tlie reoonnoisaance thus fonna the fouuda^ 
lion upon which the localion is made. Any failure to tind a 
suitable line and Ihe best line constitutes a defect which nu 
amount ol faithfulnega in the later work will rectify. The 
most serious errors of location are liable to be due to imper- 
fect reconnoissance ; an ineSieieiit engineer of reconnoisaaiice 
should be avoided at all liazanta. In the cnae of a new railroad, 
it would, iu general, be proper tliat the Chief Eugineer should 
in person conduct this survey. In the case of the extension of 
existing lines, this luight be iinpi'aoticalile or inadvisable, but 
Qii assistant of known respoiiflibillty, ability, and experience 
should in this case be selected to Btt«ud to the work; 



CHAPTER II. 
II. PRELIMINARY SURVEY. 

9. The Preliminary Surrey Is based upon the results of th? 
reconnoiesance. It [s a survey made with the ordinary instru- 
ments of surveying. Its purpose is to Us. and mark upon the 
ground a first trial line approximatiug as closely to the proper 
final line as the difficulty of the country and ihe eiperienoe of 
the engineer will allow ; further than this, to collect data such 
that this eurrey shall serve as a basis upon which the final 
Location may intelligently be made. In order to approximate 
closely in the trial line, it is essential that the maximum grade 
should be determined or estimated as correctly as possible, and 
the line fixed with due regard thereto. 

It will be ol value to devote some attention here to an ex- 
planation about Grades and " Maximum Grades." 

10. Grades. — The ideal line in railroad location is a straight 
and level line. This is seldom, if ever, realized. When the two 
termini are at different elevations, a Une straight and of uni- 
form grade becomes the ideal. It is commonly impossible to 
secure a line of uniform grade between tenniui. In operating 
a railroad, an engine division will be about 100 miles, some- 
times less, often more. In locating any 100 miles of railroad, 
it is almost certain that a uniform grade cannot be maintained. 
More commonly there will be a succession of hills, part of the 
line np grade, part down grade. Sometimes there will be a 
continuot^H up graite, but not at a, uniform rate. With a uni- 
form grade, a locomotive engine will be constantly exerting lis 
maximum pull or doing its maximum work in hauling the 
longest train it Is capable of hauling ; there will be no power 
wasted in hauling a light traEn over low or level grades upon 
which a lieavier train could be hauled. Where the grades are 
not uniform, but are rising or falling, or rising irregularly, it 

H-y/y be /band that the topography ou BOkne p&iVlculst: ft ot 10 
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miJES is of such a character that the grade bere must be steeper 
thaji is really necessary any'whcra else on the line ; or there 
may be two or three stretches oi grade where about the same 
rate oi grade is neceasary, steeper than elseirhere required. 
The Bteep grade thus found necessary at some special point or 
poinW on the line of railroad is called the ■' Maiiraum Grade" 
or "Ruling Grade" or "Limiting Grade," it being the grade 
that limita the weight of train that an engine can haul over the 
whole division. It should then be the effort to make tlie rate 
of maximum grade ah low as possible, becaune the lower the 
rate of the maximum grade, the heavier the train a given loco- 
motive can haul, and because It costs not very much more to 
haul a heavy train tliari a light one. The maximum grade 
iletermined by the reconnoissance should he used as the basis 
fur the preliminary survey. How will this affect the line ? 
Whenever a hilt Is enconntered, if the maximum grade be 
steep. It may be possible to carry the line straight, and over 
the Mil ; if the maximum grade be low, it may be necessary to 
deflect the line and carr? it around the hiti, When the maxi- 
inum grade has been once properly determined, if any eaving 
can be accomplished by using it rather than a grade less steep, 
the maximum grade sliould be used. It is possible that the 
train loads will not be uniform throughout the division. It 
will he advantageous to spend a small sum of money to keep 
any grade lower than the maximum, in view of the poaslbiUtij 
that at tills particular point the train load will be heavier than 
elsewhere on the division. Any saving made will in general 
be of one or more of three kinds ; — 

a. Amount or "qaantity " of excavation or embankment ; 

b. Distance ; 

c. Curvature. 

11. In some cases, a satisfactory grade, a low grade for a 
luaxunum, can be maintained throughout a division of 100 
miles in length, with the exception of 2 or 3 miles at one point 
only. So great is the value of a low maximum grade that nil 
kinds of expedlenls will be sought for, to pass tlie difticuity 
without increasing the rate of maximum grade, which we know 
will apply to the whole division, 

12. SomeUmesby incveaaingOieXftti^ tA ■>&.■»*, "w* ^'^sSf 
to reach a gfven elevatloiv wilb a \q-ww toXr oV ^«6»- 
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tlmea beav; and 'expensive cuts and fills may 
pose. Sometiiues all euch devices fall, and tlidre atUl remiiiiiH 
neceswiry an incrpeae of grade at this one point, bot at this 
{mint only. In sack ease it u now customary to adopt the 
lligher ral« of grade tor these 2 or 3 miles and operal* them by 
iiHliig KU extra or additional engine. In this case, the " ruling 
Unwle " tor the dnision of 100 miles is properly Uie " raaiinimn 
graile" iirevailiug over the division generally, the higher grade 
lor a few miles only being known as an " Auxiliary Grade " or 
more commonly a " Pusher Grade." The train which is hauled 
over the engine division is lielpecl over the auxiliary or pu^Iier 
grade by the use of an additional engine called a "Pusher." 
Where tlw use of a short " Pusher Grade " will allow the use 
of n low " nwiximuni grade," there is evident economy in it« 
uxe. I'he cHUcal discussion of the importance or valne of 
waring distance, curvature, rise and fall, and maximum grade. 
In not wlUiln the scope of this l^ook, and the reader is referred 
lo Wellington's " Economic Theory of Railway Location." 

13. The Preiiminary Survey follows the general line marked 
out by the reconnolssnnce, but thia rapid examination of coun- 
try may not have (nlly determined which of two or more lines 
In the beet, the advantogea may be bo nearly balanced. In this 
I'Asu two or more preliminary surveys must be made for com- 
parison. When the reconnoiaaanoe has fully determined the 
general mute, certain details are still left for the preliminary 
DUrvey lo determine. It may be necessary to run two lines, 
one on each side of a. smaU'stream, and posaibly a line crossing 
it ssvetal times. The reconnoissance w«uld often fail to settle 
minor points like this. It is desirable that the preliminary 
survey should closely approximate to the final line, but it la 
not important that It should fully coincide anywhere. 

An important purpose of the "preliminary" la to provide a 
map which shall show enough of the topography of the country, 
Hi> that the Location proper may be projected upon this map. 
Working from the line of survey aa a base line, measurements 
should be taken aufficlent to show streams and various natural 
objects aa well as the contou» of the surface. 

14. The Preliminary Survey serves aeveral purposes;— f 
Pint. To fix accurately th* waximmn grade for 
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Hecond. To determine wh[ch of several lines la best. ^^1 

Third. To provide a map as a bastM upon iviiich the Location 
can properiy Ira made. 

Fourth. To make a close eatimnte of tlie cost of the work. 
Fifth. To BBcure, in certain cases, legal riglits by filing plans. 

15. It should be undeistood that the preliminary survey 
is, is general, simply a meanH to an end, and rapidity and 
Biionomy are desirable. It is tin instrumental survey. Meas- 
urements of distance are taken usually with the chain, although 
a tape is sometimes used. Angles are taken generally with » 
tnuisit; Bome advocate tlie use of ft compass. The line is 
ui'dinarilj run as a broken line witli angles, but is oocaalonally 
ruu wiUi carves connecting the straight stretches, generally for 
tlie reason that a map of such a line la available far filing, and 
certain legal rights resait from such a filing. With a compass, 
no backsight need be taken, and, in passing small obstacles, a 
compass will save time on this account. A transit line can lie 
carriei) past an obstacle readily by a ligzag line. Common 
practice among engineers favora the use of the transit rather 
ilian the compass. Slakes are set, at every " Station," 100 feet 
apart, and the stakes are marked on the face, the first 0, the 
next I , (hen 2, and so to the end of the line. A stoke set 102l> 
feet from the beginning would be marked 10 + 35, 

Levels are taken on the ground at the side of the stakes, and 
as much uf(«ner as there la any change in the inclination ot the 
ground. All the surface beigbta are platted on a profile, and 
the grade line adjusted. 

16. The line should be run from a governing point towardn 
country allowing a choice of location, that is from a pass or 
from an important bridge crossing, towards country offering no 
great diffloultiea. There is an advantage in running from a 
summit dowuliill, subject, however, to the above oonsidcra- 
iLiins. In mnniug from a summit down at a prescribed rate 
rif grade, an experienced engineer will carry the line so that, at 
the end of a day's work, the levels will show the line to be 
about where it ougbt to be. For this purpose, the levels mu.<)t 
be worked up and the profile platted to date at the close of 
each day. Any slight change of line found nec^ssarY (m.v.^J.-«^N 
he made early the next morning. K mettwii »prai«i««».*^**^*^ 
in working down from a auiumU is Iqt \,\« \oc'»,^Xw(, ww^viwet 
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plat his grade line on the proGle, daily in advance, and llieii 
during the day, plat a point on his profile whenever he can 
conveniently get one from hia leveler, and thus find whether 
liiH line \a too high or too low. 

17. Occasionally the result of two or three days' work will 
yield a tine eixtreuiely unsatisfactory, enough so that the work 
o( tliese two or three days will ba abandoned. The party 
"backs up" and takes a fresh start from some convenient 
point In such case the custom, is not to tear out several 
pages of note-book, hut instefid to simply draw a line across 
the page and mark the page "Abandoned." At some future 
time the abandoned notes may convey useful information lo 
line effect that this line was attempted and found unavailable. 
In general, all notes wortli taking are worth saving. 

Sometimes after a line has been run through a section of 
country, there is later found a shorter or better line, ^m 
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In the figure used for illustration, the first line, "A" Line, 
is represented by AEBCD, upon which the stations are marked 
oontinnouBly from A to D, 350 stations. The new line, " B " 
Line, starts from E, Sta. 10! + 60, and the stationing is held 
continuous from O to where it connects with tlie " A " Lins at 
C. The point C is Sta. 31! + 27 of the -A" Line, and is also 
Sta, 307 + 13 of the " B" Line, It Is not customary to restalte 
the line from C to D iu accordance with "B" Line stationing. 
Instead of this, a note is made in the note-hooks as follows : — 
Sta. 312 -H 37 "A" Lino = 307 + 13 "B" Lino. 
Some engineers make the note in the following form : — 

5t3. 307io3l3==B6fl. 
The flrat form is preferable, being more direct and less liable 
to cauae eoa fusion. 



Preliminary Survey. 11 

18. All notes should be kept clenrly and nicely in a note- 
book — never on sniall pieces of paper. The date and the 
names of members of the party Hhoiild be entered each day In 
the upper left-hand comer of the pafje. An office copy ahonld 
be made as soon as opportunity offers, both tor safety and con- 
venience. The original notes shonld ahmss be presemed ; they 
would he admissible ae evidence in a court of law where a copy 
would be rejected. When two or more separate or alternate 
lines are run, tliey may be designated 

Line "A," Line " B," Line"C," 
or "A" Line,"B" Line,"C'- Line, 

19. The Organization of Party may he as foDows : — 

1. Locating Engineer. 

2. Transitnian. 

3. Head Cbainman. 

Transit Party. 
u. Rear Chaininan. 

6. Back Flag. 

7. Axemen (one or more). 

8. I.eveler. 
1). Kodman (sometimes two). 

10. Topographer. 

It. AsHlsiAnt. 

12. Cook. 

13. Teamster. 

30. The Locating Engineer is the chief of party, and Is 
responsible for thu business mniiogement of tlie camp and 
party, ns well as for the conduct of the survey. He deter- 
miaes where the line shall run, keeping aliead of the transit, 
and establishing poinia as foresights or tuming'poluta for the 
transitman. In open country, tbe extra axeman can assist by 
liolding the flag at tuniing-pointa, and thus allowing the locat- 
ing engineer to push on and pick out other points in advance. 
Tlie locating engineer keeps a special note-book or memorandum 
hook ; in it he notes nn the ground the quality of material, rock, 
earth, or whatever it may be ; takes iiotc« to ddteroAwt ■^'t 
lengths and positions of bridges, evii-^erts, a\A oiJcvat «.twWcK».\ 
BboiFB lie Jocftliliea oi timber, thiiMiiv^BV:iT\ea,''oci'^'''« ij*»,«=- 
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otiier materiaJa vnluable for tbo execudon of the work ; 
iiiakea notea of all matters not properly attended to by the 
transit, leveling, or topograpliy party. The rapid ami faithful 
prosecution of tiie work depend upon llie locating engineer, 
and tlie party ouglit to derive inspiration from the energy anil 
vigor of tbeir cliief, nlio slianld be tbe leader in the vrorlc In 
open and easy country, the locating engineer may inatili lifa 
into the party by iiimseif taking- the place of the head chain- 
man occasionally. In country of some difllcalty, iiia time will 
he far belter employed in prospecting for ttie best line. 

21. The Transitman dues tbe transit work, ranges in the 
line from the ijistrumenC, measares tbe angles, and keeps tlie 
notes of the transit survey. Tlie following is a good ionn for 
the left-hand page of the note-book : — 






..... 






Ob..™«i 


C.tc.l.t«. 






Bel'inc 


Bui'inC 




+ 24 


33° 03' R 


M 3°30'E 


N 3'38'E 








N-2r ZO'W 


N39°a4'W 








la'og'L 


H IT'IS'W 


N \7°\5'VJ 



Notes of topography and remarks are enWred on the right. 
hand page, which, for convenience, is divided into small sijuarea 
by blue lines, with a red line ninnlug up and down through the 
middle. 

Tlie stations run from bottom to top of page. The bearing is 
taken at each setting and recorded Jti«{ ahoue the corresponding 
point in the note-book, or opposite a part of the line, rather 
than opposite the point. Ordinarily, the transitman takes the 
Iwarinp of all fences and roads crossed by tbe line, Bnds the 
stations from the rear chainman, and records them in their 
proper place and direction on the right-liand page of the note- 
itioJt. Section llnoa of the Tniteci States I.an4S«ivi;TjsaUoMldbfl 
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observed in tlie same way. The trajisitman is nest in autliority 
to the locating engineer, and directs the nark when the latter 
1« not Immediately present. The trausitman, while moving 
from point to point, setting np, and ranging line, limits the 
speed ot the entire party, and should wa«te no time. 

22, The Head ChaimnBD carries a. " flag" and the forward 
end of the chain, which should be held level and Ann with imp 
hand, while the Hag is moved into line with the othfr, lie 
should always put himself nearly in line before receiving a 
Hignal from the Lransitman ; plumbing may be done with the 

flag. When the point is found, the stakeman will set the stake. ' 

When a suitable place for a turning-point is readied, a signal 
should be given the tranaitman lo tliat efCect, A nail should be 
set in top of the stake at all tumtng-pointa. A proper under- 
standing should be had with the transitmnn as to signnla. 

Slgnnls from t^e Trannilniitn. 

A horizontal movement of the hand indicates that the rod 
should be moved as directed. 

A swinging movement of the hand. " Plumb the rod as 
indicated." 

A movement of both hands, or waving the liandkerchief 
freely above the head, means "^All right." 

At long distanocR, a handkerchief can be seen to advantage ; 
when snow is on the ground, something black is better. 

SignaU from the Head C'hainman, 

Setting the bottom ot flag on the ground and waving the top. 

Raising the flag atmve the head and holding it horizontal 
with both hands r "Give line for a turning-point." 

The "all right" signal is the same an from the transitman. 

In all measuremenU less than 100 feet (or a full chain), the 
head chainman holds the end of the chain, leaving the reading 
of the measurement to the rear chainman. ^ 

The head chainman regulates the speed ot the party during 
the time that the instrument is in place, and should keep alive 
all the time. The rear chainman will keep up as a matter of 
necessity. 

23, The Stakeman carrieH. ma^Vs, ™4 &cWe*'Ot*»MS*.^'»-^ 
/iiepo/utt Indicated by tlie he«d diw-ww^w^- t^^t«^s'***'■ *** j 
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be driven with the tiat side towards the inBtrument, and marhi 
on the front with the number of the station. Intermediate 
stakes sboold be marked nith the number of the inat station 
+ the additional distance in feet and tenths, as 10 + 67.4. The 
Btationing is not interrupted and tahen up anew at each turning- 
point, but Is continuous from beginning to end of tlie survey. 
At each turning-point a plug should be driven nearly flush witli 
the ground, and a witneas stake driven, in an inclined position, 
at a distance of about 16 inches from the plug, and at the side 
towards which the advance line deflects, and marked W and 
under it the station of the plug. 

24. The Keu Chainman holds the rear end of the chain 
over the states last set, but does not hold against the stake to 
loosen it. Ue calls ■' Chain " each time when the netv stake is 
reached, being careful not to overstep tlie distance. He should 
stand beside the line (not on it) when measuring, and take palna 
not to obstruct the view of the transitman. He checlcs, and is 
respo:iaible for the correct numbering of stakes, and for all 
distances leas than 100 feet, as the bead chainman always holds 
the end of the chain. The stations where the line crosses fences, 
roods, and streams ahould be set down in a amaii note- book, and 
reported to the transitman at the earliest convenient opportu- 
nity. The rear chainman is responsible for the chain. 

25. The Back Flag holds tfae flag as a backsight at the 
point lost occupied by the transit. The only signals necessary 
for him to understand from the transitman are " plumb the 
flag" and " all right." The flag ahould always be in position, 
and the transitman ahould not be delayed an instant. The 
back flag should be ready to coiue up the instant he receives 
the "aD right" aignai from the transitman. The duties are 
simple, but fr^UBijtly are not well performed. 

26. The AzeDiai) cuts and cleara through forest or bruah. 
A good axeman should be able to keep the line well, so bh Ui 
cut nothing unnecessary. In open country, he prepares the 
stakes ready for the atakeman or assists tlie locating engineer 
as /ore Jla(j. 

27. The Leveler handles the level and generally keeps the 
not«a, which may have the following form for the left-hand 
page. The rlg'hl-hand pi^e is for remarka and dt'sorlptiona of 

tiimiag-poiata and beacb-mnrka. It is de»ra,'b\e ^ibB.^. iMnun^- 
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points should, wbere possible, be described, and that all bencli- 
nmrka should be used as turning'-poliitB. Beadings on tuming- 
poinla should be recorded to hundredthH or to thousandths of 
a foot, dependent upon tlie judgment of the Chief Engineer. 
Surface readings should be made to the nearest tenth, and ele- 
vations set down to nearest tenth only. A self-reading rod has 
advantages over a target rod for short slghte. A target rod is 
possibly better for long sights and for tunilng-poiuts. The 
" Philadelpliia Rod" is both a target rod and a. self-reading 
rod, and is thus well adapted for railroad use. Bench-mnrks 
should he taken at distances of from 1000 to 1500 feet, depending 
upon the country. All bench-marks, as soon as calculated, 
should ha entered together on a special page near the end of 
the book. Tlie leveler should teat bis level frequently to see 
that it Is in adjuslment. The leveler and rudnian should 
together bring the notes to date every evening and plat the 
profile to correspond. J 

The profile of the preliminary line should show : — H 

a. Surface line (in black). ^ 

h. Grade line (in red). 

e. Grade elevations at each change in grade (in red). 

d. Rate of grade, per 100 (in red); rise -f-, fall -. 

e. Station and defleulion at saab angle in the line (in black). 
/. Notes of roads, ditches, streams, bridges, etc. (in black). 
38. The Bodman carries the rod and holds it vertical upon 

the ground at each station and at suoh intermediate points as 
mark any important cliange of alupe of the ptviwi. "iN^e ««* 
face of streams and ponds Bbou\4 \ie laiien ■w'Vi.ftii -Kiav. 
frequent InteTvaXa where ii068iWe,U ttveg 
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Levels should also be taken of bi);h>nater marks wherever 
traces at these are visible. The rodraan carries a, small note- 
book in which he entera the rod readiiigE at all turning-points. 
Iiv country whith is open, but not level, the transit party is 
liable to outrun the level party. In such cases greater speed 
will be secured by the use of two rodinen. 

29. The Topographer is, or should be, one of the moat val- 
uable membei's of the party. In times past it has not always 
been found necessary to have a. topographer, or if employed, 
his duty has been to sketch in the general features necessary to 
make aii attractive map, and represent hills and buildings sufB- 
ciently well with reference to tlie line to show. In a general 
way, the reason for the location ajlopt«d. Sometimes the chief 
of l2ie parly has for this purpo&e taken the topography. At 
present tlie best practice favors the taking of accttrate data by 
the topography party. * 

The topographer (with one or two aseistanta) should take the 
Btatinn and bearing {or angle) of every fence or street line' 
crossed by the survey (unless taken by the transit party) ; also 
take meosurententH and bearings for pktting all fences and 
buildings near enough to influence the position of the Location; 
also sketch, as well as may be, fences, buildings, and other 
topographical features of interest which are too remote to re- 
quire exact measuremeut ; and finally, establish the position of 
contour lines, streams, acid ponds, within limits such that the 
liucalion may be well and fully determined in the contoured 

The work of taking contours is accomplished by the use of 
hand level and tape (pacing nmy, in many cases, be sufficient). 
The elevation at the center line at each station is found from 
the leveler. Contours are genernlly taken at vertical intervals 
of 5 feet. The contour line, say to the right of the station, Is 
found by reading upon a light hand-marked rod the difference 
in elevation between the center line at the stake, and the re- 
quired contour. A cloth tape, held by the assistant topog- 
rapher, will serve the purpose of a rod. The next contour to 
the right can be readily found, owing to the fact that the topog- 
rapher's eye is nearly 5 feet above the ground, making leveling 
easy. An allowance should be made for the difference betweoQ 
tf ./fee/ and the height of tlie eye. Sectiona luith •CV^ »Bi\ett. 
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Klioiild be taken as often ae necessary, the distances to each eon- 
lour measured, and tbe lines bet ween tlie points th as determined 
sltetched in on the ground. Books of conyeiiient size are madu 
and divided iutu auiall cross-BectlonH to facilitate sketehin);. 
Cross-section blocks or pads will bti considered equally good by 
some engineers. The distance to which contour lines should be 
taken depends on the cliavaet*r of the country. The object 
should be to take contours as tar from the line as is necessary 
in order to furnish contours requisite for determining Uie posi- 
tion o! the located line. 

Instead of a hand level, soma engineers use a clinometer and 
take and record side slopes. 

Topography can be taken rapidly and well by stadia survey 
or by plane table. Thin is neldoin done, a« most engineers are 
not sufficiently familiar with thsir use. 

30. Some engineers advocate making a general topographi- 
cal survey of the route by stadia, instead of llie survey above 
.ilescribed. In this case no staking out by "stations" would be 
done. All points occupied *y the transit sliould be marked by 
plugs, which can be used to aid in niarking the Location on 
ilie ground after it is determined on the contour map. This 
method has been used a number of limes, and is clf^med to give 
' economical and satisfactory results ; it \s probable that It will 
have couBtantly increasing use in the future, and will proie 
the best method in a large sluire of cnses. 





CHAPTER III. 
III. LOCATION SURVEY. 

31. The Location Survey is tlie filial fitting of the line to 
tlie groitnii. lii Lucatioo, curves Ave UHed to coiineut thti straight 
liiiea OT " langenta," and the aJigninent is laid out complete, 
ready for constniction. 

The party is much the same aa in the preliminary, and the 
duties Hubstantially the same. More work devolves upou the 
transitman on aucuunt of the curves, and mure skill is useful 
in the head chainuian in putting himself in position on curves. 
He can readily range himaelf on lAngeut. The form of notes 
will be shown later. The profile 'is the same, except that it 
shows, for aligument notes, the P.C. and I'.T. of curves, and also 
the degree and central angle, and whether to the right or left. 

It 1b well to connect frequently location stakes with prelimi- 
nary stakes, when convenient, as a check on tbe work. 

In making the location survey, two distinct methods are in 
use among engineers : — 

32. First Hetbod of Location. — Cse preliminary survey and 
preliminary profile as guides In reading the country, and locale 
the line upon the ground, Eiperience in such work will enable 
an engineer to get very flatisfnctory results in tlds way, in 
nearly all cases. Tbe best engineers, in locating ip this way, 
as a rule lay the tangents first, and connect the curves after- 
wards. Il will appear lat«r how this is done. 

33. Second Method. — Use preliminary line, preliminary pm- 
flle, and especially the contour Jinea on the preliminary map : 
make a paper location, and run this in on tbe ground. Some 
go so far as to give their locating engineer a complete set of 
notes to run by. This Is going too far. Whether it is best to 
go farther than to flx, on the map, the location of tangents, 
and specify the degree of curve, is a question. A conservalive 
method is to do no more than Uiis, and In some cams, leave 

18 
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tlie degree of carve even an open question. Tlie second method 
!h gaining in furor, but the Drat method ifl, even now, miicli 
d, It is well accepted, among engiDeeni, thfkt no reversed 
ve ahoLilU be used ; 200 feet of tangent, at least, should inter- 
le. Neither should any curve be very short, say lusa than 
800 feet in length. 

34. A most difficult matter is the laying of a long tangent, 
) that it shall be straight. Lack of perfect adjustment and 
couiftruction of itistrumetit will cause a "awing" in the tan- 
gent. The best way ia to run for a. distant foresight. Another 
way ia to have the transit as well adjusted aa possible, and even 
then change ends every time in reversing, so that eiTOts shall 
lot accumulate. It will be notict^d that the preliminary is run 
n without curves because more economical in time ; sometimes 
lurves are ruu however, either becaiwe the line can be run 
cloaer to Its proper position, or sometimes in order to allow of 
filing plans with the United States or separate States. 

39. In Location, a Hingle tangent oft^n takes the place of a 
brokeik line in the preliminary, and it becomes important t» 
determine the direction of the tangent with reference to some 
part of the broken Ihie. Tliis ifi readily done by finding the 
coSrdinaCes of any given point with reference to that part (if 
the broken line aaxurned temporarily as a meridian. The 
course of each line is calculated, and tlie coordinates of any 
point thna found. It Bimpiifies the calculation to use some 
part nt the preliminary as an assumed meridian, rather than to 
use the actual bearings of the lines. The cojlrdlnates of two 
points on the proposed tangent allow the direction of the 
tangent tn be determined with reference to any part of the 
preliminary. When the angles are small, an approximation 
snJBciently close will be secured, by assuming in all cases that 
tiie cosine of the angle is 1.000000 and tliat the sines are directly 
prfiportional to the anglea themselves. In addition to this, take 
tlie distances at the nearest even foot, and the calculation 
becomes much Bimpiilied. 

36. llie located line, or "Tiocatlon." as It is often called, is 
staked out ordinarily liy center stakes which mark a succession 
of straight lines, connected by curves to which the straight lines 
are .tangent. Tlie straight lines are by general usage called 
" Tangent!." 




37. The cnrvci most generElIy in uae are circular curves, r1- 
though parabolic anil oUier curves are sometlmeHiiaed. Circular 
curves may be classed as Simple, Compound, Rerersed, or Spiral. 

A Simple Cnrre is a circular arc, ezlendiog from one (ati- 
gent to the next. Tlie point where the ourve leaves the first 
tangent is called the " P.C.," meaning the point of curvature, 
and the point nlieie the curve joins the aecdnd tangent in 
called the '■ P,T.," meaning the point of tangency. The F.C. 
and P.T. are often called the Tangent Points. If the tan- 
gents be proiliiced, (hey will meet in a point of intersection 
called tlie " Vertex," T. The diKtance from the vertex to the 
P.O. or P.T. is called the "Tangent Dlstaace," T. The dis- 
tance from the vertex to thu curve (measured towards the 
center) ih called the Bstemal Distance, E. The line joining 
the middle of the Chord, C, with the middle of the curve sub- 
tended by this chord, is called the Middle Ordinate, 31. 'I'he 
radius of the cnrve is called the Radius, H. The angle of 
deflection between the tanj^ntn is called tlie Intersection Angle, 
/. The ancle itt the center subtended by a chord of 100 feet is 
called the Degree 0^ Curve, O. A chord of less than 100 feet 
is cnlleil a snb-ehord, e -. its central angle a sub-uigte, d. 

(i) from P.C. by a sub-chord (sometimes a full chord ot 
100 ft.) to the next even station, then 

(A) by chords of 100 feet each between even stations, and 
finally, 

(c) from the last station on the curve, by a sub-chord [some- 
limes a full chord of 100 ft.) to P. T. ITie total distance fvoiu 
P. C. to P. T. measured in this way. Is tlie Length of Carve, L. 

39. The degree of curve is here defined as the angle Bub- 
tended by a cAord ot 100 feet, rather than bj an are ot 100 feet. 
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Kitber assamption involves the use \'t approxiioata iiietliixls 
either in calculationtt or meaEurenients, if the convenient and 
uustomary methotls are (ollowed. It is believed tliat on the 
merits of the questlou, It is best to accept the definition given, 
and Clie practice in tUis country la largely In barmony with thin 
definition. 

Outside of the United States a curve is [generally deRignated 
by its lladius, R. In lie Ututed States for railroad pui 
a curve is Kenerally designated by its Degree, D. 

40. Problem. Givtn R. 



Btquind D. 



^ 



n!i) = f CD 

(a) 



41. Problem. Given D. ^^ m 

Sequirfd B. am J D 

Example. O-iven D = 1°. 

J, __ 5Q _ &0 log 1.608970 ^^| 

' BiDjZ> 0°M' logsin 7.H40842 ^^M 

R, = 6730.0 log .^758128 ^^M 

42. Problem. Givtn Si (radius of 1° curve) or Dj. 

Hequired It^ (radius of any given curve o( 
degree = D,), 

Tn the caite of amall angles, the angles are proportional to the 
sines (approximately), 

But B\ = 6730 tojieaKBt foot, 

B^ = ~ (apprOK.) (SN 

Example. fljo = M3.7 toj (.a"), oxM *«»•*"*■ 'X-iW^fcV^ ■ 

= 613.0 bY (,41 (ja.'PB«i-»-^ 
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Some engineers use shorter chords for sharp curve 



_6730 . 



, 100 It. ; B= to 15", 60 ft. ; 16° to 20°, 26 ft. E^ -- 
tthen TGry closely approximate. " 

Values of B and D are readily convertible. Table IV., 
Scarles, serves this purpose, giviiig accurate results or values. 
Ill problems later, where either B or D is given, both will, in 
general, be iuiamned to be given. Approximate vsilues can be 
found without tables by (4). The radius of a V curve = 5730 
should t« remembered. 

43. Problem. Gictn I, aim B or D. 
Required T. 




^ Example. Gipcn D = S; / = 60°48'. 
liequired T*. 

Table IV., Searles, fl, log = 2.804327 
30° 24' iogtan = 9. 708414 
r, = 373.e log 2.572741 
44. Approximate Uethod. 

ri=JfilanJ/i T„= ll.t&niil 

Ti Bi D^ D, ' 

»r. = g(approx.) ((!) 

Table VI., Searles, gives values of Ti for various values of /. 
(/== A of Searles). 

Table V., Searles, gives a correction to be added ajler divid- 
ing by Df 
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' Esample. A 8 before. Given D = 0; I=e(fi8'. 




Utquired T». 


■ 


Table VI., Searles, Ti 60° 40' = 33G2.0 


■ 


r, au°48' = 3:J(il.f( 
r, = 373.5 (apprDi.) 
Table V., Searles, correction, .4 

r, = 373.9 (eisct) 

the same as before 


(Interpulation for correction by liiHpectioii aimply.) 




43. Problem. Given I, aUo E or D. 


M 


Required E. 


■ 


Using previous figure, 


™ 


VH = B = .BeMeci/ 


(') 


Table XXIX., SearleB, givea natural exsec. 
Table XXVI., Searles, gives logarithmic eiaec. 
Appruximate Method. 
By method used for (fl), 




S. = £capprox.) 


(8) 


Table VI., Searles, gives values for Ei. 

Table V., Searles, gives correction to be usetl if desired. 




46. Problem. Given /, aho It or D. 


^ 


Rfquired M. 




FH = W=i;ver8iJ 


(») 


Table XXIX., Searles, gives natural vers. 
Table XXVI., Searles, gives logarithmic vera. 
T:!)!!!. Vlir. .qpni-lnn. aivpn nprtahi niirldln orHlnnlna 





I'lible VllL, Searles, gives certain middle ordlnates. 

47, Problem. Given /, iilm Jl or D. 

Beqvired chord AB = C. 

C = 2.Bsinj/ {1 

Table Vll., Searles, gives values tor certs.lv. \ow%t\«rt&a. 
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48. Transposing, we find additional foimulM, as follows : 

(") 
(12) 

(13) 

(14) 



from (6) 


jj= rcoti/ 


(7) 


s- ^ 


ezsec \ I 


(») 


B- ^ 
vets}/ 


(10) 


B- ^ 


2sini/ 


(4) 


■tCa 


(6) 


Z>a =-^(approx.) 



(16) 



(16) 



(8) Z>.=^(approx.) (17) 



49. Problem. Given sub-angle d, also B or D, 

Required sub-chord c. 

c = 2J?8inl(l (18) 

Approximate Method. 

100 = 2i?8inl2) 

The precise formula is seldom if ever used. 

50. Problem. Given sub-chord c, dlso B or Z>. 

Required sub-angle d. 



d_ c D 

2 100 2 



(21) 
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A modification of this formnia is as follows : 

d_cD 
2 200 

for D = 1 



2 200 



for any value Z>« 

^ = c X 0.3' X Da (value in minutes) (22) 

This gives a very simple and rapid method of finding the 

value of - in minutes, and the formula should be remembered. 
2 

Example. Given sub-chord = 63.7. Z> = 6° 30'. 
Bequired sub angle d I or - )• 



I. By (20) 63.7 

6.6 = 
3186 


D 




II. By (21) 63.7 

3.26 = 
3185 


■ 2 




3822 










1274 






414.06 










1911 






4M4 










207.025 






60' 










2.07 




dzz 


: 4° 08' 










60' 




2 


: 2° 04' 








d. 
2" 


= 2° 04' 






III. 


By (22) 


63.7 
0.3 
















19.11 
















6.6 
















9556 














. 1 


11466 














124.216 minutes 










d. 


= 2° 04' 









2 
Method ni. seems preferable to I. or II. 



26 Railroad Curves and Earthwork. 

51. Problem. Oiven I and D, 

Bequired L. 

(a) When the P. C. is at an even station^ D will be contained 
in / a certain number of times n, and there will remain a sub- 
angle d subtended by its chord c. 

— =hH — = n + -^ (approx.) 

100 -^ = = 100 n + c = L (approx.) 

(6) When the P.C, is at a substation the same reasoning 
holds, and 

X = 100 - (approx.) (23) 

Transposing, 

/ = ^ (approx.) (24) 

D=^^ (25) 

These formulas (23) (24) (26), though approximate, are the 
formulas in common use. 

Example. Given T curve. I = 30° 37'. 
Required L. 

I = 39° 37 
D = 7 )39.6167° 
6.6595+ 
L = 666.0 

P^xample. Given D and L. 
Jtequired I. 
Given 8° curve 

also, P.T. =93 + 70.1 
P.C. =86 + 49.3 



/. = 


7 20.8 


i> = 


8 




57.664 




60' 
39.84 


/= 


57° 40' 
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52. Metliod of DeDcction Anglea. 

If at any point on ah existing curve a tangent to tbe curve lie 
taken, tlie angles from the tangent to any given points on tin' 
curve may be measured, and the aiiglca thus found may be 
called Total Deiections to those points (as NAI, NA3, NA3). 

Iji laying out sucoeasive iK)iut^ upon a straight line {an on a 
" 'I'llngenl"), each point is generally fixed by 
(r() measurement from the 
preceding point and 
(6) line ; 

the line i^n a tangent will 
be tbe same for all points. 

Synilarly, in laying out 
a curve, successive points 
may be SxeA by 
(n) meBsureinent from tlie 
preceding point and 
(ft) line ; 

tbe line in this case, for the curve, will be that found by usin^ 
the total deftecUon caloukted for each point, Iti the figure pre- 
ceding, Che choM distance A! and the total deHectlon NAl fix 
point I ; the chord duitance I-! and total deflection NA! fix 
point 3 ; and 2-3 and NA3 fix 3. 

laid out by this method if the proper total deflections 
readily computed. 




53. Problem. Qiaeii a ParabuUr, Curve. 

, J lic'jnirrd total deflections to 

B-C-D and chord lejigthn 
AB - BC - CD. 
Give results to t^ nearest 
It ^ foot. 



54. Simple Cnrvej. 

In tlie case of '• .Wtnp/e Cima," the "total defleotionii 
be readily computed, and the method of "deflection angU 
therefore well adapted to laying them out. 



i 
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55. Problem. To find the Tutal Defteelivn* Iw a Simple 
Curre baving given the Degree. 

I. When the cmrve begins and ends at even gtatiouM. 

The distance from staiion to sLatioii is 100 feet. The deflec- 
tion angles are required. 



An acute angle between a tan^nt and a chord is equal to 
e haU the central angle subtended by that chord 

Al = 100 VAI = iD 

The acute angle between two chorda having tlieir vertieea in 
the circumference Ih equal to one half the arc included between 
those chorda. 

(-2 = 100 and \t>7 = {D Similarly, 

2 - 3 = 100 and 2 A 3 = i i) 

3 - B = 100 and 3 A B = 1 Z( 

TliiB angle J D is called b; Henck and Searles tlie Deflection 

Angle, and will be so called here. Shunk and Trautwine call 

it the " Tangential Angle." The weight of engineering opinion 

appears to be largely in favor of the " Deflection An^e." 

The " Total Deflections" will be as follows: 

VA I =iZ> 

VA3 = VA I +JO 

VA3 = VA2 + lfl 

VAB will be found by successive increinetita of j, D. 

VAB = VBA = i/. This tumisheH a "check" on the c< 

tatlon. 

IS and endt leith a sulhchord. 



VA3 = VA I +iD 

^43 = VA2-f iD 



IL When the ei 





J 
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VAB is found by adding \dfXo previous " tot&l deQeclion." 

VAB = VBA = 1 /. This turnUliea " clieck." The total daflec- 

tluns should be calculated by successive increments ; the final 

"check" upon \I then cbeclu all the iiit«rmediBie total 

dedections. The eiLample on next page will illustrate tbis. 

S6. Field-work of laying out a simple cnive having given the 
. position and station of P.C. Slid P.T. 

(a) Set the transit at P.C. (A). 

(6) Set the veniier at 0. 

((') Sal cross bairs on V (or on N and reverse). 

(d) Set oft lii(Horaetiinea ii>) fur point I. 

{e) Measure distance Ci (sometimes 100) and fix I. 

(/) Set off total deflection for point 3. 

(y) Measure distance 1-3 = lOO and fli 2, etc. 

CO When total deflection to B is ligured, see that it = ^1, 
tbUB "cbeckiiig" calculations. 

(j) See tbat tbe proper calculated distance r^ and tlie CotAl 
deflection to B agree witb the actual measurcmentB on the^^^ 
ground, cbectiing the fleld-wnrk. .^^^H 

(t) Move transit to P. T. (B). ^^H 

(0 Turn vernier back to D, and beyond (o JI. ^^^H 

Cm) Sight on A. ^™ 

(n) Turn vernier to 0. 

(o) Sigbt towards V (or reverse and sight towards P), and see 
that the line checks on V or P, 

It should be observed tbat three "checks" on tbe work are 
obtained. 

1. Tlie calculation of the total deflections is checked if total 
deflection to B = J /. 

2. Tbe chaining la checked if the final sub-chord measured 
on tbe ground = calculated distance. 

3. The trtuiBit work is checked if tbe total deflection to B 
brings the line accurately on B. 

The check in I Is effective only when tbe total deflection for 
eftch point is found by adding tlie proper angle to tbat for the 
preceding point. 

The check in 3 assures tlie general accutac's lA. ■&«. \.i:»Mi*^- 
work, but does not prevent an crrot \t\ Xb.-j'w* o"S. ^^^a 'u*A. 
deSeotlott at an interinediale poinl on \\i6 cwsft. 
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57. Example. Given Notes of Curve 



P.T. 


13 + 45.0 

6°cui:^ 
10+74.0 


p,a 


Eequired the ** total deflections " 


to sta. 11 ci = 


26 




.3 

7.8 


J 


6° 


2 


46.8 =0°47' to 11 
3° 


c« = 


45 3° 47' to 12 




.3 3° 




13.6 6° 47' to 13 


^ 


6° 


4 = 

•% 


81.0 =1°21' 


2 


8° 08' to 13 + 4 


13 + 45.0 




10 + 74.0 




2 71.0 = /: 




6° 




16.26 


16° 


60' 




16.6' 


16' 




16° 16' = / 




8°08' = i/ "check" 



58. Caution. 

If a curve of nearly 180° = / is to be laid out from A, it is 
evident that it would be difficult or impossible to set the last 
point accurately, as the "intersection" would be bad. It is 
undesirable to use a total deflection greater than 30°. 

It may be impossible to see the entire curve from the P.O. 
at A. 

It will, therefore, frequently happen that from one cause or 
another the entire curve cannot be laid out from the P.d and 
it will be necessary to use a modification of the method de- 
scribed above. 



'iim/i 
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S3, Field-woilc. ir7ip(i tli 
flow the P.O. 

First Melhnd. 

(o) Lay out curve aa tar as 

{b) Set transit paint at so 
Btaiion preferably). 

(c) Move transit to C. 

((!) Turn vernier back to 0, mid beyond 
angle VAC. 

(*) Sight on A. 

(/) Turn vemipr to 0. See that 

tangent NCM (VAC = NC* being measured by i 

' (?) Set .iff new deflection anglo (Jiior J D). 

(A) Set point 4, and proceed as in ordinary c 



before, 
iivenlent poin 







60. Second Method. 

(o) Set point C as before, and move transit to C. 

(6) Set vernier at 0. 

(f) Sight on A. 

(r() Set oiT the proper " total deflection " tor thepoiat4=VA4, 

NCA + MC4 = VA4, each measured by tare AC 4. 

(f) Reverae transit and set paint 4, 

(f) Set off and use the proper "total deflections" tor the 
remaining polnta. 

The aecond method is in some respects more simple, as the 
notes and calculaiionR, and also setting off angles, are the same 
OS if no additional setting were made. By the flntt metluid llic 
deflection angles to be laid off will. In general, be c 
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often degrees or hnlC degreee, And are thua easier to laj off. 
is a matl£T of personal choice which of tlie two methoda sball 
be used. It will be diaastrous to attempl au ioi^orrect combiniu 
tion of piirta of the two uieCbods. 

61. Pieia-work of finding P.C. andP.T. 

In ninniiig in the line, it ia common and conaidered adviwible 
to establisli " V," determine ttie station of " 1','' and measure 
the angle /. Having given /0UI7, an infinite number of curvei; 
could be used. It is, therefore, necessary to asauiue additional 
data to determine what curve to use. It is common to proceed 
OS follows : 

(a) Assume either (1) 2> directly. 

(2) E and calculate D. 

(3) rand calculate Z*. 
It is often difficult to determine oil-hand what degree of 

will well fit the ground. Frequently the value of Ei can be 
readily determined on the ground. The determination of S 
from Ea ia readily made, using the approximate fonnula 
J?. = =i- Similarly, we may be limited to a givea (or ascer- 
tainable) value of J"., and from this readily find D, = -^■ 

The value of Z), adopted will, in general, be taken to the 
nearest 1° (perhaps only to nearest degree) rather then at the 
exact value found, as above. (Some engineers use 1°40' = 100' 
and 3^20' = 200', etc., rather than 1° 30' or 3' 30', etc.). 

(t) From the data finally adopted T ia cfileulalcd aneie. 

(e) The instrument still being at V, the F. T. is set by layhig 
oH T. 

(rf) The station of P. C. la calculated and P, C. set. 

(b) The length of curve i ia calculated, and station of P. 7". 
thus determined {not by adding T to station of F). 

Total dellectiona should be ail calculated and entered in note- 

Whether D, E, or T shall be assumed depends upon the 

speciiil requirements in each case. Curves are often run out 

from P. C. without finding or using T, but the best engineering 

usage aeeoia to be in fitvor of setting I', whenevf-r this is at kU 

jiisctfcatile, and from tliis finding the P.C. »a4 PT. 



1 
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62. Example. 



Given a liney (u shown in sketch, 
Required a Simple Cwve to connect the 
Tangents, 



? 




P.T. is to be at least 400 ft. from end of line. 

Use smallest degree or half degree consistent with this. 

Find degree of curve and stations of Z*. C. and P. T, 

Table VI, Searles, 



V 
T 

P. a 
L 

P.T. 



46 + 72.7 
4 + 60.7 

42 + 12.0 
9 + 09.3 

51 +21.3 



22°40' 7^1 = 1148.4 


930 


4' 8.4 


400 


22° 44' 1161.8 


/630 =Ta 
^2.2- 


1060 


918 




use 2° 80' curve 


Ti = 1161.8 
100 


/2.5° 
U60.7 


161 




160 
180 




Table V, correction 







460.7 = T, 


22° 44' = / 

2.5^)22° 7333 




909.3 = L 
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63. Form of Transit Book (left-hand page). 



(Date) 










(Names of Party) 


• 






Station 


Points 


Descrip. of 
Curve 


Total 
Deflect. 


Observed 
Course 


114 










113 










112 










III 










no 










109 


O+90.0P.r. 




11^15' 


N 46-^ 00" E 


108 




It = 1146.3 


0°00' 




107 
106 


0+ 68.0 V 


L= 450.0 
r= 228.0 


^^30' 
4° 00' 




105 
104 


0+ 40.0 P.C. 


/ = 22° 30' 
5° Right 


1° 30' 




103 










102 










101 










100 










99 








N 23° 15' E 


98 











V is not a point on the curve. Nevertheless, it is customary 
to record the station found by chaining along the tangent. 

The right-hand page is used for survey notes of crossings of 
fences and various similar data. It seems unnecessary to show 
a sample here. 



Simple (hirves. 35 

'64. Metric Cuires. 

Ill Railroad Lixration under the "Metric System" a. cLaio of 
100 metera is too long, and a chain of 10 melcra is too short. 
Some engineers have used the 30-meter chain, some the 'ih- 
ineter chain, but lately the 20-meter chtun has been geucraHy 
adopted OH the moet aatiafaotory. Under this Byatem a " Sta- 
tion" is 10 meters. Ordinarily, every second station only is 
set, and these are marked Sta. 0, Sta. 2, Sta, 4, etc. On curves. 
chorda nf'JO meters are used. Usage among engineers varies an, 
to what is meant by the Degree of Curve under the metric 
system. There are two distinct systems used, as shown below. 

I. The Degree of Curve is the angle at the center subtendi'd 
by a chord of 1 chain of 20 iiieCerx. 

n. The Degree of Cvrne is the dejlectioit angle for a chord 
of 1 chain of 20 meters (ur one halt the angle at the center). 

II. Or, very closely, the Degree of C'nrre la the angle at the 
eenia- subtended by a chord of 20 metcrt (e()ual to 1 station 
length). 

For several reasons the Intter system is favored here. Tablea 
upon this basis have been calculated, giving certain data for 
metric curves. Such. tables are to be found in Henck's Fieid~ 
Book, but not In Searles. 

In many countries where the metilc system Is used, )t la not 
customary Ki use the Degree of Curve, as Indicated here. In 
Mexico, where the metric system is adopted as the only legal 
standard, very many of the railronda have been built by com- 
panies incorporated in this country, and under the direction of 
engineers trained here. The usage indicated above baa been 
the result of these conditions. If the metric system sliall in 
the future become the only legal system In the United States, 
aa now seems possible, one of the systems outlined above will 
probably prevail. 

In foreign countries where the Degree of Curve Is not used, it 
Is customary, as previously stated, to designate tlie curve by 
its radius E, and to use even figures, as a radius of 1000 feet, 
ir 2000 feet, or tOOO meters, or 2000 meters. As the radius is 
aeldom measured on tlie gi'ound, the only convenience in eveu 
figures is In platting, while tiiere Ib a constantly recurring inccai-^ 
venience in laying oft the angles. ■ 



36 



Railroad Curves and Earthwork, 



65. Problem. Given D and the stations of P. C. and F.T. 

Bequired to lay out the curve by the method 
of Deflection Distances. 

I. When the curve begins and ends at even stations. 

In the curve AB, let 

AN be a tangent 
AE any chord = c 
EE' perp. to AE' = a = 
"tangent deflection" 
FF' = BB' = the 
" chord deflection " 
AO = EO = i? 

Draw OM perpen- 
dicular to AE. 




Then 



EE' : AE = ME : EO 



a : c = - : B 
2 



a = 



2B 

FF' = 2 a ; AF' = AE produced 
When AE is a full station of 100 feet, 

lOOa 



(26) 



«ioo = 



2B 



66. Field-work. 

The P. C. and P. T, are assumed to have been set. 

(a) Calculate aioo. 

(b) Set point E distant 100 ft. from A and distant aioo from 
AE' (AE' < 100 ft. ; AE'E = 90°). 

(c) Produce AE to F' (EF' = 100 ft.), and find F distant 
2 aioo from F' (EF = 100 ft.). 

(d) Proceed similarly until B is reached (P.T.), 
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(e) At Biatiun preceding B (P.r.) lay oH FG 
(FG'B = 90°). 
(/) G'B U langent to the curve ai B (P.T.). 


..^ 


67. The tangent deflection for 100 ft. for a r curre ia nearly ■ 
0.876, or } ft. For any number of even BlationH n, tlit oftflet 
niU be 

a^-in" for a 1° curve (approi.). 

a, = j n'fla for any curve (appnnt.) (a") 


68, Problem. Given tv)o Curves of degree D, and D/ 
for any number of even tlationt. 


•~M 


From (27) n,, = ] n^D, 

a, = } h' (D, ~ D,) (approx.) 


M 


69. Problem. Given D and the mtiont of P.O. and F.T. 

Meqnired to Itiy mit ihf Curve by D^trtion 
Dittancev. 


II. When the curve begins and enda with a mih-chonl. 


^ 


/(r^/' Let AE = initial sub-chord = r, 

y^^ HB = final sub-chord - <> 

\^ E'E = tang, defl, for Ci = a, 

H"H= C/ = «/ 


n 

^m 


.ym, .=^, »,=|ii ™=^ 


V 


.,,.,„ = C.:1I». -'-"£, 


1,2'.') 


.,,.,« = ,/noo. «/-«-i^ 




In general it is better to uae (20) than oi = ^~ 


J 
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70, Example. Given F.T. 20 + 42 8=„ury„i, 
P.O. 16 + 25 
lieqiiireil al\ data necessary to lay ont curve by " Dejtiv- 
litin Dietattiieii." 
Calculate without Tables. Result to i^ foot. 
Radius 1° curve = 6730( 6 
6° 956 



IOC 




1910)10000(5.235 + 


'™ 1! X 055 




955 


= 5.24 




4S0 


2 0,00 = 10.47 




3B2 


u„ = 0.7ff'x5.24 




680 


= 2.85 




673 


ms = 0.i2^x 5.24 




1070 
055 


= 0.92 




Searles' Tables give aiw = 


- 5.234 


(precise value). 



71. The distance AE' is slightly shorter tbaa AE. It is g 
erally sufBcient to take the point E' by inspection siuiply. If 
ilealred for this or any other purpose, a simple approximate 
solution ot right triangles is as follows: 

Problem. Given the hypolhuntvte (or ham:) and altitude. 

Required the different^ between base and liypotkt- 
neus'', or in the tigure, c — a. 



c -a = — (approx.) j 

Wherever ft is small in comiMirismi with a or e, the approxi- 
mation is good for ordluary purposes. 
Esample. c = 100 ft = 10 

e-a = iU= 0.50 

a = 00.50 

Ttie precise lomuila gives 90.499. 
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72. Field-work /«!■ Case//., j>. 37. 

(n) Calculale uimi, Oi, n/. Remember that tangent deflec- 
tioiiA are as the squaTfe of tlie chorda. 

"iDv may be found generally in Table IV., Searles, as "tnn- 
geiit offset." 

(b) Find the point E, distant oi from AE' and distant '', 
A. (AE'E^BO-.) 

(c) Erect auxiliary tangent at E (lay off AA' = a,), 
(il) From auxiliary tangent A'E produced, Und point F. 

(FF' = a,iHi; EF = 100 ; EF'F = 90''). 
(e) From chord EF produced, find point G. 

(GG' = 2 (iioo i FG' = FG = 100). 
(/) Similarly, for eacli full station, use 3 aioo, etc. 
(g) At last even station on curve, H, erect an auxiliary tan- 
gent (lay off GG" = mw ; GG"H = 90°). 

(A) From G"H produced, find B-(B'B = n/, etc.). 
(0 Find tangent at B (HH" = a,; HH"B = 00°). 
^ The values of oiikh Qi, a/, should be calculated to the neart'iit 

73. Caution. Tlie tangent deflections vary as the nqunns of 
llie chords, not directly as the clionls. 

Curves niay be laid out by this method without a transit by 
the use of plumb line or " flag " for sighting in points, and with 
fair degree of accuracy. 

For calculating niuo. Oi, On '^ ^ sufficient in most cases to use 

the approx, value /;. =HiiL;. A curve may be thus liiid out 

without the use of transit or tables. 

For many approximate purposes it ia well and useful tn 
remember that the "chord dettection" for 1° curve is 1.75 ft, 
nearly, and for other degrees in direct proportion. A head 
chainman may tliua put himself nearly in line without the aid 
of llie transitman. 

The method of " DefieFilon Distances" is not well adapted 
for eouimon use, but will often be of valut in ameY^-Qdv**. 



< 
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74. Ptoblem. Given D ntwl flta 


ioiw of P.C. and F. T. ^^^ 


Ef-jfiiTe^ to lay 


ut the curve by " D^ectfoh ^ 


DisiaiKXs" wlieu tlie firat atih-choni is 


tmall. 


1 


Caution. It will doI be aiitiafactory in this cue to ptoduee j 


)lit> uui've from this ehort cliord. 




7S. Problem, ftfceii Zland Btalionsof P.C. and P.r. ] 


Jleguired to lay 


ot tbe curve by Uie niethod 


uf Offsets from tbe Tangent. 


A e' 


i' °' 


-^,-^.,^^_^ 








=>-x 


'• 






Let AG' be tangent to curve AG 


^■\ 




Find E'AE = l(i = a, 


^^\ 




F"EF = d + iD = a, 


ak 


G"rG = d+ D + iD = as, 


etc. \ 


AE' = f,cos«i 


EE' = d sin rti N 


EF" = 100 cos a. 


FF" = 100 8in«j 


FG" = 100coBa. 


GG"= 100 sin u. 




FP = EE' + FF" 




GG' = FF' + GG", etc. 1 


WUen AE = 100, then i<i become 


Mi>. 


76. Field-work. 


J 


(a) Calculate AE', E'P, 


1 


EE', FP, 


GG' 1 


(1,) Set E', F', G'. 


1 


(c) Set E by distance AE (c.) and EE'. | 


(rf) Set F '■ '■ EF tlOO) 


and FF'. 1 


(0 Ret G ■• ■■ FGfl™') 


nnd GG'. ] 


For tlie coiiiputalions indicated above, nlways use naturul I 


aitiee and coeiuex. 


^ 
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77. Ordinates. 


Fioblem. Gicen D and Ium points on a furw. 


Required the Middle Ordinate froui l.hc 
1 chord between those two poinls. 


Ity(O), M=Sy<tKiI 


tor lOO ft. chord Jf = i? vera J D 


between pointa 200 ft. apart Jf = fl vers D. 


Let A = augle at center between the two poinu. 


Jtf=JIverslJ, 


Table Vin., Searles, gives middle ordiiiatBS for certain- luuji; 
.-hords. 


78. Problem. Girfn It and C. 
Be'i-iirt^d M. 


'-'^'^ ,/^ 


~~^ 


"x 




HL=i»=li-^i!.-(j)" (31) X,^^ 



)/=ji-V(«^^)(ii+^) m 


■ 


TbWb XXIll., Searieg, givcH siiuares and square roots forcer- 
tain numbers. If the numbeni to be squared can be found in 
lliis table, use (31). Otherwise use lofc-aritUras and (32). 


79. Problem, (lieeii It nnil C. 


Ilf'/Hired tlie Ordinate at any given p'liiit Q. 


Mt-Ji=ure LQ = 9. Then KN = ViP - g" ^H 


^°=v«--(,=r w 


KQ=K«-LO = V(i! + 8)(B-5)-^(«+5J(K_!)(33) 
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80. When C = 100 ft. or less, an 
approximate formula will generally 
suffice. 

Problem. Given B and c. 

Required M (approx.) 

HL = ilf :AH=^:i? 

2 




M = 



AH2 
2B 



Where AB is small compared with i?, 

AH = ^ (approx.) 



M = 



8i2 



(approx.) 



81. Example. Given C=\()0, 2> = 9°. 

Required M. 



• 





-= 636.7 
8 

6093.6)10000.(1.963 = 3f 
60936 

490640 


Precise value 




468424 


iV= 1.966 




332160 
305616 



(34) 



16544 

Table XII., Searles, gives middle ordinates for curving rails of 
certain lengths. 



82. Problem. Given li and c. 

Required Ordinate at any given point Q. 
Approximate Method. 
I. Measure LQ = g ^ u' 

\9J X 111 iNvo 


^^-^^-2ie 


^' w L Q U " 


KK'^^*^' 


KK':3/ = HK2:f^V 



in 
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Since HK = </Capprux.) KK' =-21^.1/ (approx.) (.SJ) 

la) 
KQ = M- KK' 

When |-= ^ a£ in figure, KK' = ^ and KQ = ^ 31 (aiipros.) 



Wben-i=j 
2 



lUrve thus fiiund is nccurately a parabola, ''"^ for slinrt 
■.s this pnu;t,ica11y colnuittes with a Q'm-.W. 



83. II. Appro^imatK Melh'id. Measure LQ and QB 












SomeUmes one, BotnetimeH the other ot these methods will bt:' 
preferable. 
84. Eiample. Gi«enC=]O0, = 0°. 

M = I. Bfi5 from Tables. 
lifquired, Orilinate at point 30 ft. (UMant 
from centfir Uiward end of rhurd. 
II. AQ= 80 

BQ= 20 
KK=A>< l-O^'' 1273.4)1<KM)(1.257 

fl 1273.4 

• 26 )17.086 "i = 5730. 32000 

.70740 R.= 030,7 25^08 

M= l.OOS 2 Bo = 1273.4 71il20 

Ordinate = 1.208 'W'TO 

Precise romill (or data above = 1.200. ^-t-^s 



1. 80 It = 
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85. Problem. Given R and c. 

Bequired a series of points on the curve. 

H 



R.^-^ 
t^^^^ 


1 




^ L 




Jf=HL = ^ (approx.) 




AH2 

RS = ^ (approx.) 


AH =1 (approx.) 


c2 




RS = g-g = -^ (approx.) 





PN = 



DC 

-^ (approx.) f etc., as far as desirable. 



This method is useful for many general purposes, for ordi^ 
nates in bending rails among others. 

86. Problem. Given a Simple Curve joining two tangents. 

Required the P. (7. of a new ctirve of the same 
radius which shall end in a parallel tan- 
gent. 

Let AB be the given curve. 

A'B' ** *' required curve. 

B'E = p = perpendicular distance between tangents. 

Join BB'. 

Then AA' = 00'=BB' 
Also B'BE = V'VB = / 
BB' sin / = p 



BB' = AA' = -^- 
sin / 



(37) 



When the proposed tangent 
is outside the original tangent, 
the distance AA is to be added 
^o the station at the P. C. Wlien insido, \t \a Vi \>e watoltwjcXfc^u 






Simple Curvet. 45 


87. Problem 


Givfii a iSimple Cwee juiuiug tm tanymU. 
Btqvired the lladiut of a new curve whieli 

with tlie same F.C. ahall end \ati. parallel 

tangtM. 


^ 


Let AB be the given curve of 
\-^'. radliiB It = AO. 

^ \ B'E = p = penieudicitUr 
.,/\(\_\ distance. 

^iV AB' tlie required curve, 




^^ 










^,^Lf \ Draw uhonlM AB. AB' ; ^H 


d 


^ 


also line ^H 
also BLpariillel tuAO'. ^H 


Tl 


Mil 


BL 00' ^H 



Cfl'-B)verB/=p 



.Since VA8 = V'AB', AB and AB' are In the some Btraight liue. 
BB' = 2 BL sin i BUB' 

= 2(2*' - S) BID i I (39) 

When the proposed tangent la oulaide the original tangent (mi 
it ia shown in [he figure), the above formiUa applies, and 
Il'> B. 

Wlien the proposed tangent is iiiniilr the original tangent, tlie 
fiirmiila becumes 

and J!' < Jl. 
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Gieeii a Simple Curce joininy two tangtnVf.^ 

Bequired the radiut and P.C. of a 
til eiid lu a parallel tangent with the nie 
P.T. directli/ ojtpuslle Ibt old P.T. 



Let AB be the given c 




(■12) 
When the new tangent is outside the original tangent (aa in 

the figure), Jl>li' and AA' is added to the etation 0/ the F.C. 
When the new tangenC is lualde the original tangent, fi< R\ 

Jt' — H = —^ — . and AA' is subtracted from station of P. C. 

89 Problem. Tojind the 4 v l n 

Slmpli' Clime that shall join 
tiioii given tangents and past 
through a given point. 

With the transit At V, the 
given point K can often be 
best fixed b^ angle BVK and 
distance VK. It the point K 
be filed by other meaaiiri'- 
menta, these generally can 
readily be redui^ed to the 
iUJg/e BVK and distance VK. 




!>( tUji 



'le Oiirvet 



90. Problem. G'iren the Mo tangenta intersecting at 
angle I, and the point K fixeil hy 
BVK = p and gigtanee VK = b. 
Beqiiired the radina R of cvrte to joi 
[wo tangenta and pass through K, 

In the triangle VOK we have given 

VK = '. ami OVK = A?'^ . ~ ' - ^ 

Further V0=— ?- OK = H 

VO ; OK = ain VKO : sin OVK 

— ^ifi = amVKO : ^■Os(J/+3) 



Fruin data thus fiiund, tlie triangle VOK may be solved hit E. 

In solving tliia triangle the angle VOK is oiwn very Bniall, A 
Kli^lit error in the value uf this small angle may occasion a 
lar^ error in the value of B. In this case use the following 
Seccmd Hethckl of finding B after VOK ha£ been found. 



1 

myt( 
1 the 

I 



Find AOK 


= i/ + VOK 


AIh 


;n DVK = 


/ + 3 


Then 


B vfers AOK 


= LK 

= fisii 


nDVK 






B 


^68il 


lOVK 
iAOK 


( 


91. Problem. 


Given It, /. 


^(BVK). 






B:'qnivdl,(,VK). 






Ill the triangle 


iVOK 










OK = 7?; 


OV. 


B 
'coal/ 






OVK = 00 


-a/ 


+ (S) 




Solve triangle for I,. 

Also lind VOK and sUlion oi K. « ileelTea. 


, 








^^^H 


^^^^^^1 



' atid Earthwork. 




92. Problem. To find the poi 
where a etraight line 
hHiBfen Hlationn. 

Find where the etraight line 






Measure KV'B. 

Use V Bs an amiliary verte: 

Find r from V'B. 

Solve by preceding problem 



93, Appro^cimate Method. 

Set the middle point H by metliod of ordinatas. 

If the arc HB is sensibly a atmight line, find the intersection 
of HB and CD. 

Otherwise set the point G by method of ordinates, aiid get 
intersection of HG and CD. 



vjigJ 




Additional points on the are may be set if necessary, and the 
process continued until the required precision is secured. 

The points H and G can he set withont the use of a transit 
with BufGcient accuracy for many purposes, a plumb line or flag 
being used in " sighting in." 

94. Problem. Gimn a Simple Curvr and a point oulaide 



Seqnired 




Simple Curves. 

he triangle BPO we have given PBO, BP, BO. 

e the triangle for BOP and OP. 

c<«DOP = 0° = A 
OP OP 

BOD= BOP - OOP 



From BOD linil sialion of D from known point B 

It should be noted that if Injf OP is found, this can be used 

afjajn without looking out the number for OP. Other airaiiar 

eawa will ooour elsewhere in calculation. 
When for any reason It is difficult or inconvenient to measure 

BP directly, the angles CBP, BCP and tlie dUtanee BC may be 

measured and BP calculated. 

95. Approximate Method. ^H 

Field-work, ^^ 

(a) From tlie station (B) nearest to the required point D, 
find by the approximate method where BP cuts the curve at C. 
(If C be t.be nearest station, produce PC to B. ) 

(6) AsBurae with BD slightly greater Ihnn CD, and with 
transit at P. C. set the point D (transit point) truly on the curve. 

(i-) Move the transit to D, ami lay o£[ a tangent to the curve 
at D. This will very nearly strike P. 



(rf) If the tangent strikes away from P, at Q. measure QDP, 
and move the point D (ahead or back as the case may he) a di.'j- 
uince c due to an angle at the center d = QDP. The tjuigent 
from this new point ought to strike P almost exactly. 

In a targe number of cases the point D will be found on the 
first attempt sufficiently close tor the required iju.xvw»R- 

If a tangent between two cwrvcR \r irci\\\\TCi, »\u.««.t !»&<>-■>•-* 
by (ippfoximatlon will be louriA asa\\a,\)\B. 
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Obstacles. 

Whfn an; obstacle occurs upon a "tangent," tbe 
methods of Hurveyiug for poBsiug such obstacle will b4 

96. Wlen V is Inucesstble. 




linary 1 

4 



Measure VLM, VML, LM, 
/=VLM + VML 

LV and VM are resdily calculate'!, 
and AL and MB delermlned, 

la some cases Uie best way is to 
assume tlie position of P.C. and run 
out the curve as n trial line, and 
tlnall)' find the position of P.C. cor- 
rectly by the method of formula (;iT>, 



97. When the i 



Estnbllah some point D fan even 
stalinn is preferable) by method of 
"offsets from Tangent" or otliei*wiHe. 

Move transit to B (.P.T.), and run 
nut curve starting from D and checking 
iin langeiit VB. 



98. When the P. T. is inaccessible. 





With instrument still at V. set somi' 
convenient point D, move transit t" 
P. C. and run in curve to D, and then 
pasn the obstacle at B as any obstacle 
on ti langinit would be passed. 
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99. When ObsUclM on the Curve occur so as lo prevent 
niiiiiing ill the cui've, no general rules can well be given. 
SiHuetimes nieltlng the traoBit in the curve will serve. Some- 
tiiuL'Bi if one or two poinla only nre iiiviHible from the transit, 
lliese can be set by " dejte^ion diitanceK," and the curve con- 
tinued by "drjlectioii angle*," without resetting the transit, 
ttouietirues '' tiff iitla from the tangent" cUk be used to advan- 
tage. Sometimes points can be avt by " oiiilHatee" from 
Chords. SometimeB the method shown on page 48, § 1)2, assuni' 
Ing au auxiliary V, is the only one pos.'jible. 

It should be borne in mind tbat it Is seldom aeM»«ari/ that 
the even etationn should be Bet. If it be possible to set any 
points whose aiations are kuowti and which are not too far 
apart, this 1b generaUy BufBcient. 

Finally, for passing obstacles and for solving many problems 
which occasionally occur, it ia necessary to understand the 
various methods of laying out curves, and to be familiar with 
the mathematica of curves ; and, ia addition, to exercise a rea- 
sonable amount of ingenuity in tb.e application of. the knowle<^[e 
possessed. 




100. When one 
& cominon tangent 
same side of the 
poKtxI Curne. 

When two such 
tangent, the two c 
a. compound 



tbeti 



irve joins another, the two curvea having 
the point of junction, and lying upou the 
tangent, the two curves form a Com- 



7es lie upon oppoeite sides of the c< 

s then form a. Eeversed Cwve. 

e, the point at the common tangent where 



s join, is called the P.C.C., meaning the 



i, the point where the 



the J". B.C., meaning Ihe "point of reversed cnrvatnte. 



101. Field-work. 
Laying out a eotnj 
(a) Set up transit 
(6) Hun ill simph 

(c) Move transit i 

(d) Set line of sight 

(e) Itun out second 



ndcur\ 
B.C. 



a Teveraed 



urveto P. a a or P. B.C. 
P.C.C. or p. B.C. 

tangent with 



It is not desirable to attempt to lay out the second c 
with the transit at the P. C. It is not a simple and ci 
process lo calculate the total deflections from the P. C to a 
» of points on the second curve. It may readily be shown 
that adding the cliord deflection for the second c 
total deflection for the P.C.C. or P.S.C. will yield an Inoor- 
:t result. Besetting at the P.C.C. or P.lt.C. is quite simple, 
and the process of running in the secund curve is similar in 
principle to thai ot § 60, page 31. 
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Compound Curves. t 

102. Data Used Id Compound Curve Fonnulas. 

Il the curve of larger radius, 
OA = n, 

AOC = /, 

AV= r, 

In the curve of shorter radius, 

PB = B, 

BPC = /. 
VB= T. 



103. PtoMem. Given B,, Ji., /,. J.. 
Re-]}>lred I, J'„ T.. 

Draw Uie cuiiinion tangent OCE. 
Tlien 1= I,+ I, 
AD =CO = «,tanJ/, 
EB = CE = fl, tail ! /, 
OT find CD and CE using Searlt!^' Tii- 
ble VI. and the Correction, Table V. 
In tlie triangle DVE we have one 
side aud three angles 

DE = fttanli, + fl.lajil7, (45) 
VDE = /, 
VED = /, 




Solve for VD and VE 

AV = AD + VD = T, 
VB = BE + VE = T. 



4 



Tliifl problem will be of use In making ealeulatians for platting, 
ill cases where the curves have been run in without liiidliig I* 
on the ground. The polnta D and E will seldom be tixed. <(&■*«;. 
ground, and in eases where V is ael, \.\\e \itii\>\a\B \&''Kt»^'a ■" 
take some lono shown in one ol Uie ptoWema Vo\\o-«\w%- 



54 



Railroad CurvcB and Earthwork. 



104. Problem. Given T,, R,, Bi, I. 

Bequired 7*i, /{, /«. 
A L V u 




Draw arcs NP and KC. 

Draw perpendiculars MP, LP, SB, UB. 

Then AM = LP 

AN = /?. = KP 
NM = LK = LS - KS 

OP vers NOP = VB sin VBS - PB vers KPB 
{Bi — B») vers /j = T, sin I — B» vers / 

vers /, ^y^sin I - B.vers I ^^^ 

Bi — Bt 

AV= MP + SB - UV 

Ti-(Bi - B,) sin/, + i?.sin/- r.cos/ (47) 

105. Problem. Given T,, i?,, /,, 7. 

Bequired Ti, i?j, /,. 

B,-B. = T.Binl-B.yersI ^ 

vers /, 
ri=(i?j- JB.) sin/, + i?.sin/- r.cos/ (49) 

106. Problem. Given Ti, T., JB,, /. 

Bequired Bi^ /i, /.. 

^ r,+ r. cos i - ^, sin / ^ ■' 

sinli 





^H^ Conipoutid Curves. 
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p^ 


^ 


1* 


\y / ^, Rfquirfa T., I„ 1.. 
\ / ^^^\ Draw area NP, KC. 


t 




Vp/,--'''^ \ '-^ Draw perpendiculars 
Vv.,_ \ \ AS, PM, VU. 


OK, 






d 




/ ,--^m' " MN = LM-LN 
/,'-'' =KN-LN 
= KL 


1 


LK = MN= KS - LS 


^ 


OP vera NOP = AO vera AOK - AV Bin VAS 




(A - S.) vera /, = 11, vers I - T, siii / 




Tcrai. ^■^ew/- 7-, sin/ 
Iti-B, 


w 


1 I> = I-I. 


■ 


' VB^ AS - PM - AU 


V 


r. = R, Bin J - (J?, - B.) Bin /, - 7, cos / 


(sa) 


108. Problem. OTeen T,, JI,, /,. /. 




Sequirei T„ S., J.. 




I.^T'1, 




„ „ n,vpra/- T,fiinl 


(«) 


r. = R, 9i.i / - ( Jf, - fl.) sin /. - r, COS / 


(65) ^1 


109. Problem. Uivea T„ T., R,. /. 


■ 


Required B., /|, /,, 


■ 




(M)^| 


^nl. 


^jr«^ 






^^^^^1 
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11«. Problem. 


Olren a Cumpt'vnd Carve ending in a laa- 


gtnL 


Bequirtd to thangt Ihr P. C. C. so as to end 
in a giara parallel Uingtnt, the radii re- 
maini)i'j unehnuged. 


'\p 


I. When the new taufffn: lies 

outaide the (M tangent, aiid the 

i-iirre ends with curve of larger 

^ radius. 

V-^ I,et ACB be the given com- 

_ \\ \ AC'S' the required curve. 


yf 8| \ Produce arc AC to B". 
y^ ' E4_ e • llraw OB" parallel to PB and 




Then B'E = 


1 1 ! Let B'E = p = perpendicular 
distance between tajigenta. 
B'E' - BE" 1 
- iJ.)veraC'P'B'-(K, - R.) veniCOB" 
-B,)ver8 /,' -(Jf,-fl.)ver8 /, 


vera V = ven 
AOC = / - 




II. Wlien the neic tangent lies iniiiie the o2d (anient, and 1 
tie curue ends with the curve of larfftr radiun. 


' 


ers7,' = vers/.-;^ '«''> 


in. When then 
the curre ends with 


eic tangent lies oiUiide the old tangent, and 
curve of fmaller radfas. 


- 


™'-'="'"-a^ ,6«, 


IV. Wlien the 
the curve ends with 


eir (aiipene lies ininde the uld tangent, and i 
curve of amatttT radiis. J 


rers/,' = verB/. + ^-^-^^ (^J 



c\ 
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115. Problem. Giien a Simple Curve joining two tangent*. 

Bttquired to substituW a j^iii- 

y^ metrical curve with flatttntd 

(••C— ~N.o *"*'' "Sing the rawie F.C. 

1 A- fr-^?*v. aridl'.T. 

-^ \ / /^ Lei AHB be llie simple curve of 
\ \ / / radius if,. 


1 \ v / 


ACDB the required curve in 
wliich 


aIX 


BQ= AS =fi, 


• A 


PC = fi. 

ASC = BQD = /, 

CPO = /. 


Then 


/=/, +2/, 


In the triangle POQ 




1 PQ = «, - R, 


PQO = 7, 


QO = Bi - R, 


POQ = 1BO-)/ 




OPQ = U. ^^ 


There are then Givr. 


/. .R,. Eei/uired if,, /f,, 7|. /.. ^^| 


We mny ftuume any two of tlie latter (except /t and J^^^| 
and readily calculate the others. ^^^H 


I. Aisumt Jl, and ^^| 




^H 


PQ 


QO Bin POQ : Bin OPQ ^^M 


fi, - li. 


n,-B, = alD i / : Bin J /. ^H| 




«-»■»'"'".*,'/'*"- ""' 


n. .,iwr.w n, «<.!( 


B.. 


.^IB,^ 
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III. Assnitie R, and I,. 



PQ + QO _ tanjiPOQ + OPQ) 
PQ-Qd taiii(POQ-OPQ) 
R,-R. + R,- 7?. _ lAnl(18Q- jl+jl,) 
E,~ Ii.~ R,+ fl,~ tan 1(180 - K-K.) 

116. Problem. Given a Simple Curne joining two taagenlt. 

Required to HUbstitute a curee with JlalttTted 

ends to pase through the same middle 

Let AB be tbe given simple curve, 
and H the middle point. 

Erect an auxiliary tangentV'HV'atH. 

The auxiliary intersection angles at 
V and V" are readily calculated ; also 
' V'H and V"H. 

Sufficient additional data can be as- 
sumed, and the problem solved as a 
problem in compound curves. 
It Is not neceuarn that the curves on tlie two aidea o( H 




should be symmetrical. 
Hmving given V'H = T. 



VV'H 



Assume 



ir,>AO 

H,<AO 
and apply (46) and (47), 

Other aaaomptions of similar sort will allow the use of other 
formulas on pages 54 and 65. 

Both this and the preceding problem will be found of con- 
siderable value in revising the alignment of traok. and intro- 
liocing flatter ends for the curves so that the transition from 
laogent to carve aiihU be leas abrupt. 



01 M II 



Compound Curves. 



117. Problem. Given txno simple curve) with ton 

Btqiiired to subatitnte a timple c 
given radius to canaect the two. 

Let DC = ( = the given tangent, connecting the two 
AD and CB, ol n4U B, and Bh respectively. 




Let EF be rec[uired curve of radius It,. 
Join OP, and draw perpandicular OL. 



In tlie triangle OPQ we have given 

0P= — ; OQ = B,-R.; QP = 

S..>lvB this triangle (or OQP, QOP, OPQ. 
Then CPF = 180° - (OPQ + OPL) 

EOD= 90"- (QOP + LOP) 



CHAPTER VI. 
REVERSED CURVES. 

118. It is very undeairable tliat reversed curves should I 
iised on mam Hues, or where traiiia are to be run at any con- 
Hiderable speed. The marked change En direction is objection- 
able, and an especial difficulty resnlts from there being no 
opportunity to elevate the outer rail at the P.Ii.C. The use of 
reversed curves on lines of railroad ia therefore very generally 
condemued by engineers. For yards and stations, reversed 
curves may often be uned to advantage, also for street rail- 
ways, and perhaps for other purposes. 

119. Problem. Given thf perpendieaiar distance hetujeen 

parallel tangents, and the cvmmon radius 
of the reneraed oirve. 
Reqaired Ihe central angle of each cMnje. 

Let AH and BD be the par- 
allel tangents. 

ACS the reversed curve. 
HB = p = perpendicular 
distance between tan- 
Draw perpendicular MM. 
Let AOC = BPC = /,. 



ps 




Reversed Curves. 



63 




Qiven the. perpendicular distante between 
parallel tangents, and chord diatance be- 
tween F.C. and P. T. 
Sequired the common radiaa of reverted 
ceimect the parallel tangents. 
Let AH anil BD be the parallel 
tangents. 
ACB the reversed curre. 



BH = 
AB =d 
Connect AC and CB. 
Then AOC = BPC, and 
ACO = PCB 
ACB is a straight line 
AO:AL = Aa:HB 
B:4-=d:p 



I 



122, Problem. Given II and p. 

Beguired A. 

d=^/iBp = 2y/Bp. (74) 

123. Problem. Given the perpendicular distance between 

tmo parallel tangents, and the central an- 
gle and radius of first curve of revoked 
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r 124. Problem. Given B,^ S,, p. ^^^ 


vera/, = ., ^ „ (70) , 
Bi + Bt 1 


125. Problem. Given (wo point* upon laugentu notparalM, 

tht length of line joining the ttoo poinM, and Che 

angles made by this liiie «rf(A each tangent. 

Bequired tht eommoa radljia of a revemed r'li'ce 

tu ronnea the two tangents at the given points. 


^ Let A and B be the given 
,.^' \^ points. 




^==:::— \ ^J" AL, BM= given tangenta ' 
\s/\^^ \ /w/ ACB = required cuire ' 




\\,A^ // LAB = AandMBN = B ' 
^>^ ^^ / AKO = PKB = h' 




" 


^ / ^^'^ l^vayi PS perpendleulRt 
"V / > and OS parallel to AS. 

X,^^ / Also BD perpendicnlsr | 
■^vg and AD parallel to OP. j 


Then PS = PU + SU 1 


OPsinP0S= PBC09BPU + AOsinOAB | 


2Bmn K = B ^x>% B + B cos A ^^M 


^B 


AOK = = 180° - OKA - OAK ^^M 


= 180°- K -(Q(y-A)=W+ A - E ^^^^ 


BPK = P=180°-BKP- PBK = ^^| 


= 180°- E -(W-B^^ao' + B-E^^^M 


BO = AB9lnOAB = AOsinAOK + BPEinKPB ^^H 


IsiuJr=i;sinO +£ii<nP ^^^| 




IsinJT ^^1 


^ 


Bill -t- ftla P ^^^H 



Reversed Curves. 



126. Problem. Given the length of the common fingent ami 
the ani/lca of inttreectioii teith the lepa' 
rated (angentx, 
Beqitired the common radine of a retere'd 
cune tojuin the two teparaUd taugenls. 
I-el V.Vb = common taiigeiil, 
AVai BVb = separated tangents 
ACB =■ requirt'd curve . 
LVaC = h J 

MVbB = !t ■ 

v*vb = f n 




I =lHt 



V,C 



VaC 



An approximate method is aa foUowE : — ^H 

Find Tti for a 1° curve ; also Igi (Table VI., Searles), ^| 

127. Problem. GUieti a P.O. upon one of tteo tangentt not 
parallel, also the tangent dittanee fi-om 
P.O. to V, also the angle of intereeetlon, 
alio the unegnal radii of a reverted ciirvr. 
to conneeC the tangents. 
Sequirtd the central angles of the simple 
Climes, and tangent distance, V to P. T. 
o Let AV = r, = given tan- 

gent dlBtance. 
A = given P. 0. 

AVS ^ / ■ 

AO=Jf, 1 , ...^ 

PB= n ) ^'**" "^^'^ 
VS = seeond tangent 
ACB = required curve 
AOC - /, 1 . , , 

BV= T^ = ifqiiireil t,w.-.- 




m 
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Draw arcs OU, ON, also perpendiculars AN, OM, NL 

Then AO = BU = ^i 

LU = BU - BL = AN - SN = AS 

LU = AS = MU - ML 

AV sin AVS = PO vers BPC - AO vers OAN 
Ti sin / = (JSi + i?2) vers h — i?i vers / 

(79) 



By + ^2 



/l = /2 - / 

T2 = riC08/+ JSi8in/--(/?i + B2) sin h (80) 

128. Problem. Given BV instead of AV, and other data as 

above. 
Bequired /i, /2, etc. 

Draw a new figure similar in principle to the preceding and 
solve in a similar way, and using the same notation as above 

^^^j^^B2yersl±T^^nJ 

i?i + i^2 ^ ^ 

Ti = 72 cos / + i?2 sin / + (Bi + B2) sin A (82) 




CHAPTER Vir. 
PARABOLIC CURVES. 

129. Iiiatead of circiilair arcs lo join two Ungents, pHrabolii' 
area hnve been proposed aiitl used, in order to do nway with 
the sudden changes In direction which occur where a circular 
curve leaves or joins a tangent. I'araboiic curves have, bow- 
ever, tailed to meet with favor for railroad curves for eeveml 

1. Parabolic curves are lem readily laid out by Instrument 
llian are circular curves, 

'i. It is not easy to compute at any given point the radfiu of 
■ curvature for a parabolic curve ; it may be necessary to do this 
either for curving rails or for determining the proper elevallon 
for the outer rail. 

S. The use of the "Spiral," or other "Easement," or "Tran- 
sition " curves secures the desired result in a more satisfactory 
way. 

There are however many cases (in Landscape Gardening; 
or elsewhere) where a parabolic curve may be useful either 
because it is more graceful or because, without instrument, it is 
more easily laid out, or for some other reason. 

U is seldom that paraboUo curves would be laid out by 
instmment. 

130. Properties of the P&rabola. 

(a)> The locus of the middle points of a system of parallel 
chords of a parabola is a straight line parallel to the axis of the 
parabola {i.e. a diameter). 

(fc) The locus of the intersection of pairs of Iftngenls is In 
the diameter. 

(c) The tangent to the parabola at the vertex of the diameter 
is parallel to the chord bisected by this dlamel«r, 

(d) Diameters are parallel to the axis. 
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{_€) The equation of ihe parabola, the coiirdioateB measurpd 
upon the diameter and the tAugenC at tbe end of tlie diametct is 



:>r H' = ip'x 

131. Piobl«m. Given two tangents to a parabola, a 
position ofP.C. andP.T. 
Sequlred to lay out the parabola b 
'■* aeCsfrom the tangeiU." 



Let AV, VB be the given ~--,,__ 

taugents (not necessarUy equal), "--•..,___ 

and AHB the pa'rabolic eurve. ""~-~, 

Join tlie chord *B. 

Draw VG bisecting AB. 

Draw AX, BY, parallel to VG. 

Produce AV to Y, 

Tben VG is a diameter of Clie parabola. 

AX parallel to VG is also a diameter. 

The equation of the parabola referred to AX and AY a 

y= = 4 p'x. 

AY* = HV : BY 

(2 AV)» = HV : 2 GV 



1 



L 



Next bisect VB at D 
Draw CD parallel tc 
Then 



|!;BV.'=CD:HV 



^^^ 
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Similarly, mftke 




AN = NF = FV 




^ 


Thea 








4 


In a similar way 
found. 


, as many 


poiniH aB are 


Deeded 


rnuy be 


132 Field-worli. 








■ 



(a) Find G bisecting AB. 

(6) Find H bisecting GV. 

(p) Find points P, Q. and N, F, dividing AG, AV, proportion' 
ately ; also R and D, dividing GB and BV proportionately. 
Use simple nitioa wlieii possible (as J. ), etc.). 

{(I) Lay oH oil PN, the calculated distance KN 
on QF lay off EF 
on RO lay off CO 
In figure opposite, KN = -— - 



CD=; 



EF = 



HV 



I 



For many purposes, or in many eases. It will gwe results 
BUiBcienlly cloxe, Lu proceed without establishing Pi Q, R ; the 
directions of NK, EF, CD, being given approximately by eye. 
When the angle AVG is small (as in the dgare), it will generally 
be necessary to find P, Q, R, and fix the directions in wliicli 
to measure NK, EF, CD. When the angle AVG is large (greater 
than 80') and the distances NK, EF, CD are not large, it will 
often be unnecessary to do this. No fixed ride can be given 
as to when approximate methods sbali be used. Experience 
educates the judgment so that eaoh case i« »sU.\kA. -(\\Riti X^a 
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133. Problem. Oiven turn Cangenti to a parabola, alM 
positions o/F.C. and P.T. 
Required to lay om the parabola by " mid- 
dle ordinalet." 



»tht I 



Tbe ordinatee are taken from the middle of the chord, and 



parallel to GV In all c 



Field-WDiIc. 



(a) Establish H as in last prnblem. 

(h) Lay off SE = J HV ; alao TC = J HV. 

(e) Lay off UW = JTC, and continae thus ontll a snfflcient 
Dumber of points is obtained. 

The length of curve can be conTenlently found only by m 
urenieiit on the groiuid. 

Note the difference in method between § S5 and § I3.1. 

134. Vertical Cnrvea. 



(Bp.ient ■ 



It and customary tu Hx the grade line upon tbe 
profile as a succeasion of strnight lines ; also 1^ mark the eleva- 
tion above datum plane of each point where a change of grade 
occui's ; also to mark the rat«s of grade is teet per station of 
100 feet. At each change of grade a vertical angle ia formed. 
To avoid a sudden change of direction it is customary to intro- 
duce a vertical curve at every such point where the tingle ia 
large enough to warrant It. The curve commonly used for this 
purpose is the parabola. A circle and a parabola would aub- 
Htantially coincide where used for vertical carves. The parabola 
effects the transition rather better theoretically than tbe circle, 
but its selection for the purpose is due principally to its greater 
simplicity of appliattion. It is generally laid to extend an 
egaal number of staxiQDs on each Bide ol Ae ^eiXei. 



Parabolic Curve B. 

13S, Problem. Given the elemtiota at the vertex and at •• 
Mation (lOff) each tide of vtrt&t. 
Ile^uired the elevation of the nerllcal e 



opjiiiaite the vertex. 



Let A, V, B, be llie jfiven points, 
AHB the psmbuln. 



^ 



In the caBB of a vertical curve, the horizontal projectinnK of 
AV and VB are equal, and here each equals 100 feet = AL := M L. 

Therefore AG = GB, and AV = VY 



Elev. H=i p'«''-* + ^'"'° + Elev.v) . (85) 

This aftords a Hlmpte aod quick method nf finding H whPii 
tlie vertical carve extends only one Btatlon each side of vertex, 
which is the most couimon cane. Other methods or mien for 
vertical curves ara used on vaiiotu railroads, or by different 
engineers, and It will prove Interesting and valuable to Investi- 
gate such rules, to disuover whether the reBultliig curve is a 
parabola, as will generally be found to be the case. When the 
vertical curve extends more than one station each side of the 
vertex, the following method is preferable, which is also appli- 
cable to the above case, and la in a 
tJisi alao. 
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136. Problem. Given the rates of grade g of AV ; g' of VB ; 

the number of stations n, on each side of 
vertex^ covered by the vertical curve ; also 
the elevation of the point A. 
Bequired the elevation^ at each 
station^ of the parabola AB. 



Draw vertical lines 






DD'D'', EE'E", VHL, 


YBM 


y 1 


Also horizontal lines 




^y \ ! 


VC, ALM 


1 ^^^^^ 


' 1 ; ! 


Produce AV to Y 


■^iS j 1 


E^X^ 


^ 


1 1 j 

1 ! j 


^^^i<E^ 


1 
1 


1 1 
1 1 1 
1 1 ' 


^i^^ 1 




1 1 1 
1 j 1 


y/^ I 




1 1 1 

! { 


P^ D" E" 


L _ 

L 


i 

1 .J 

T M 



Let a\ = offset DD' at the first station from A. 

02 = " EE' ** second "• " A. 



Then 



as 


— 


etc. 






02 


:= 


22^1 


= 4 


«i 


as 


z=. 


32ai 


= 9 


ai 


a2n 


z= 


(2 Jiya^ 


1 = 4 


n^ai 


YB 


rr 


YC- 


BC 




^ai 


= 


ng - 


ng' 




«i 


^z 


g-o' 
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= YB 



(86) 



Dae regard must be given to the signs of g and g' in this 
formula, whether -h or —. 




the elevation ai A 
nee we have pven 
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raaj now find the required elevji- 



A method bettor and mo 


re com 


nient 


for nee ij 


given 


below 




DD' 


= g. 


D'D' 


= s- 


Q| 










EE' 


= ig 


E'E" 


= 2V- 


«s = 


2p- 4 


Sl 






VL 


= 33 


HL 


= 33- 


<ia = 


3ff- 9 


r, 






RT 


= 4£f; 


TS 


-4£/- 


a,= 


4 p - 1(1 


„ete 


J 


Aft 


in, 


O'D' 


= !7 


- ™, 






P- 


-^ 




E'E' 


-D'D' 


= 2g 


- 4ai 


-( y 


- ",) = 


ff-3 


1 




HL 


- E'E" 


= ag 


- flOi 


-C2p 


-*ai) = 


1,-0 


'>! 




ST 


-HL 


= 4ff 


-10 a, 


-C3|7 


-9aO = 


v-^ 


Oi etc 



^ 






fill a. straight gntde, the elevation of any 
ix-na the preceding, by adding a conatant g. 

<)ti a vertical curve, the elevation of eaoli Htation is fouiii 
from the preceding by adding, in a similar vray, 
bui a varying increment, being for the 



iHt station from A = 



S<l 



changing by auccessive 
differences of 2 
each cose. 



ssive .^^^^1 



The labor involved le not materially greator in many cases, 
tnr a vertical curve than for a straight grade. Thia method han 
the additional advantage Uiat a correct final result at the end 
of the vertical curve makes a " check" libera ■a.VV mWOTajHSija>*> 
reaulu. 
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137. Ezamp 


^^ 


Ifiven. Grades as follows : — Sta. EIqv. Rate 


Then a, = ^ 


J: = ^=0.25 10 135.00 +lf„ 
•' '■' 15 ,37,50 ■''■'' 


Sta. 


Elev. 


5 


117.50 1 


6 






3.50 ^^^H 


7 


121.60 ^^^H 




+ 3.25 =tf- ^^^H 


8 


127.76 -0.50 ^^^1 
+ 2.T5 g-3ai ^^^M 


e 


130.50 -0.50 ^^H 
+ 2.25 2.26 !/-5a, etc. ^^H 


10 


-0.50 ^^H 


11 


134.60 -0.60 ^^^1 




^^^1 


12 


-0.50 ^^^H 




+ _^^^^^M 


13 


136.50 ^^^^^^H 




= g' ^^^^^^H 


14 


^^^^^H 


16 


+ 0.60 ^^^^^^^ 
137.50 1 


Tbe elevation 


for Sta. 16 thn* obtained agreea with the eieva- 


tlon shown In the data. All tbe hiteimediate elevatiODB art; 


therefore "checked." 


138. Problem. Given g. g', a. 




Ef quired H 


From (8fl) 


n=e^ (871 


L From practical consideration a oi should not exceed 0,25 or 


L 


Vi^T^a^^V-"' '^^> J 
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139. A Turnout la a track leading from a main or other 
track. 
Tumonla may be for seTeral purpogea. 

!, Branch Track (for line used an a Brantli Road for gen- 
eral traflic), 

II. Siding (far paaain^ trains at sUitionH, aturingca 

loading or unloading, and vailoua pur- 

III. Spur Track (for purpoMH other than general traffic, 

as to a quarry or warebouae). 

IV. OuM Over (Cor paasing; from one track to another, 

generally parallel). 

The easential parts of a turnout are 

1. nie Sufilek. 2. The Frog. 3. The Guard SaQ. "* 

J. Some device is neeeaaioy to cauae a train to turn from the 
main track ; this ia called the " Sipiich." 

2. Again, it ia necessary that one rail of the turnout track 
ahould croaa one rail of the main track ; and some device i* 
necessary to allow the flange of tlie wheel to paaa this crossing ; 
this device is called a " Frog." 

;1. Finally, it the flange of the wheel were allowed to bear 
againat the point of the frog, there Is danger that the wheel 
might accidentally be turned to tJie wrong side of the frog 
point. Therefore a Gual^d Rail is aet oppoalto to the frog, and 
thla prevents the flange from beariuKB.(i,8.V(ia,\.'Ctt6Vtw^"C<>\«\.. 



i 
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Frogs are of various forms and makes, but are mostly of this 
general shape, and the parts are named as follows : — 




M = mouth 
O = throat 
WW = wings 



P = point 
T = tongue 
H = heel 



This shows the " stiff " frog. 

The "spring" frog is often used where the traffic on the 
main line is large, and on the turnout small. In the spring 
frog W'W' is movable. AD represents the main line, and W'W 




is pushed aside by the wheels of a train passing over the turn- 
out. The ^' Frog angle ^^ is the angle between the sides of the 
tongue of the frog = APB. 

Frogs are made of certain standard proportions, and are clas- 
sified by their number. 

The ^^ Number ^^ n of a frog is found by dividing the length 

PH 



of the tongue by the width of the heel ; that is, » = 



AB 



140. Problem. Given n. 

A 




Bequired Frog Angle F. 

^ PH 2PH 

cot i F = 2 n 



^^^^ 



TimioutB. 77 

. A form of awitchin common use is the " Sliib-Steitth," 
which is formed by two rails, one on eacb side of tlie track, 
called the Switch Sails. One end of the mil for a short dis- 
timce (oft«ii about 6 feot) is securely spiked to the ties, the 
rest of the rail being free to elide on the ties, so that it may 
meet the fixed rails of either main track or tamout, he deElred. 
These fixed rails, supported on a. Head Block, are held by a 
casting, or piece of metal called the Head Chair, and upon 
which the switch rail slides, A SxcUch Bod connects the ends 
of tlie switch ra,ils with the Bvilch Stand. One end of the rail 
is spliced down, so that when the free end Is drawn over hy the 
switch rod, tlie rail ia sprung into a curve which may with 
slight error be considered a circalar curve, tangent to the main 
line (if this be straight). The distance through which the free 
end of the rail ia drawn or Thrown by the switch rod is called 
the Throw of the switch. Ilie free end of the rail is called the 
Toe, and the P. C. of the curve the Heel of the switch. 

Knowing the throw t and the length I of the switch rail, we 
can deduce the radius B, or degree of curve D, and continuing 
this curve to the point of frog, we can readily deduce the angle 
between the rails or the Frog Angle necessary. 

It is more customary, however, having given the throir 
(6" — 6J" — 9" are used on different roada) to assume either 

(1) the radius (or degree) of turnout curve, and from Ibm 
find PCorn) and I; or 

(2) the number n (or angle I") of frog, and from this find B 
and then I. 

142. When there are two tamoula at 
each aide of the main line, three frogs ai 
one being called the " Crotch Frog,'''' 

It is necessary that there should be two numbers of frog, one 
for the ordinary turnout frog and another for the " crotcli 
frog." It ia advisable that only two be used, and that all turn- 
out curves he arranged to use one or the other of these two 
frogs. (For double tumouls with point switches a thicd num- 
ber may be necessary for a crotch frog. In this case we should 
assume », or J", as the value for one of the two staivAa.-tA S-(ij'i«>, 

On main line it is now coalornars to Mse ^ '^ at>W.>. B>>AV*''" "^ 
'• Point Switch," the description anA 4isoMaa\s>B. olVsisSo.* 
, Mlow the dietsoBBioa ot Xba vaaHa bkUa^ 
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In the figure the 


^ 


Heel of Switch is a 


E or Q Length of SwiU;h Hail = QH 


Toe of Switch 


H Throw of Switch =HI 


Head Block 


H and 1 Lead -^^^^ 


Crotch Frog 
Center of turnout 


C Frog is at ^^H 





Q A E ^™ 


: \ 


^ 


j 
l'' / 


V^ 


w 


■■■> 


' 


R^ I 


" a43. Problem. 


Oieen ffoufffi o/ tract, j, /V-ojf anglt, F, and 




Required S, I, and QF = E. , 


L(^t EF. QR. be the rails of the turnout. ^^H 


Draw i>erpundicular KF. Also HI at toe of switch. ^^^| 




V 


K 


EOF F ^^H 


"« 




^ 




vera F =—^— ('«) 
fl + 2 


^^\ 


X'^ 


fl + f--^ O'l) 






_4\ QF= OF sin EOF 




/ 


£:=(fl+|]sin F 




X 


^ '1 m 




/ 


bj C2«> ' = ^ (approx.) 


L 


^ . 


2 = v^B((aWirox.) 
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144. Problem. Given g, f, n. 

Required B, E, I, 

In the figure preceding connect EF. 

Then 



EFQ = FEK = } l?* 




QF = EQ cot EFQ 




E = g cotiF 


(94) 


= 2ng 


(96) 


FQ2= F02 - Q0« 





=(»+i+''-i){*+f-»+i) 

E^= 2B X g 

j^_E^ _ 4 g^^ 
2g 2g 

B = 2n^g (96) 

li = E^- 
9 

= in^g^^ = in'^gt 
9 

l = 2nVit (07) 

145. Problem. Given g. 

Bequired the middle ordinate ST. 

from (34) 3/ = ^ 

EQ is middle ordinate for chord 2 FQ 

Cy (4 tt 4 4 4 4 4 4 CC 

EF = FQ (approx.) 
ST : FK = ER : (2 FQ)2 

ST = ^ 
4 

ST = ? (98) 

4 

This ia true evidently whalevet \\ift ^^^^^ ciV ^>\x?^^« 
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149. Approximate Fonuola, 

Let R. D = Radius wid a Degree of a (ut-noBt eurvt fr 

straight line to correspond to the given value 
of F or n. 
Bm, Ott = Badlus and Degree of main track. 
S,, D, = Radius and Degree of (iirnoiit c^ 



1 



Then from (101) (102) R, 




,;ainiZ) =\aa\ ■.\,».n\{0-\-f):\xa\F 

D = 0: 0+ F : r(approx.) 

: D,= 0+ F:0 + F (approx.) 

D, = D„ + D (approx.) (104) 



Asain, (103) HF 



:X = 2fi;»-|^Biii)0 



But f is small compared with i?., and may be neglected, 
and for small angles Bin J O = tan J O (approx.) 

HF = S = 2B.UnJO(approx.) 
(101) i: = 2ffn (approi.) (105) 

This agrees with (B5) E = 2ng (turnout from straight track) 

The above formula and (104), while approximate, are tlie 
torranlas in general use. 

Ii 1h difficult in practical track work to secure results more 
precise than would be obtained by the use of these approximate 
fi/riiiulas. 




1 - Turnouts. S^^H 


P 


ISO. Problem. Given main track of radius S^^ alto F,g,ii,^^^^ 

Bequlred radius B, of a turnout ettret ov^ ^^^| 

s,^^ mtofraainUatk.. ^^1 




\ I. When the center of Mimoul curve llW^^^H 
\ outjide of main track. ^^^H 


E 


\/ /'■ Let EB bo the outer raU o( main tra(ilt,;^^H 
-w==CC\ // and HF the outer raU of turnout. ^^H 




^^^^^l57*\ - Join HF. ^^H 


" 


■•^^C/ ^ Let HOF = ^^^k 




1 ^ Then = F ^^^| 




/ In the triangle HOF ^^H 




/ ^H 





^H 


Also FHO+HFO = 180°- ^^H 


FHO - HFO = 180" - PHF -(lar - PHF - F) ^^H 


Tben ^^M 


lanlCFHO + HFO):tanKFHO-HFO)=FO+ HO : FO - HO ^^H 


cot}0 itanlF 2S„ i g ^^H 


(>»^ 


Similar];, OPF =P~ ^^H 
Join EF, and io triangle EPF ^^H 


toi>i(f-0) = g ' 




IT *"* ""'> .. 




^ taniCF-0) /^"^^ ^J 


chord EF = i: = 3fn, + |]8inJO (106) ^^| 




D, = D~D. (approx. ) (\(»\ ^^H 


S = 2ng (.B.ppTox.1 ^^H 
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151, IL When the center of lumout curve lies oi 


the liisifU 


at main track. 




By a process entirel; similar it may be abowii tliat 




-»"=£ 


(UOJ 


71 "" 


(UIJ 


*-tanKO-^) 


E = 2/B. + |]sinlO 


(112) 


Approximate Formulas. 




A = J5„-Z>(approx.) 


(113) 


E = Zng (approx.) 





1 



■ lln 



152. Example, fflven a J° curve on mo^n Hn* and a aVb. 9 

/roff. ' 

Required the degree of tnrnoul curve to (Ml 

inside of the curve. , 

Table XI, Seai-les", ahows for a No. 9 frog the 

degree of curve = 7°3r04"; this la ordinarily 

taken = 7" 30' = D 

degree of main line = S^OO' = D^ 

degree of turnout = 10" 30' = D, = D + D» 

By precise formula 10° 34' = D, 

The difference between approximate and precise retnlu i| 
commonly amall enough to have little effect In the short dik 
■"UCB to the point of frog. 

In a similar way for a turnout on the outside of the n 
line, using a No. 9 frog, the degree of curve would be 

z) - i)« = r 30' 



193. Split Switch. 

Tlie Blub switch f»lla to meet the requirementB of modem 
railroad practice. At the head block, the sliding eiid of tlie 
awitch rail is not held firndy down to the lies. Rails are also 
found to " creep" ar travel loDgiludinally, ao that the joint at 
the head block is often too wide and ogsia is liable to close up so 
tight tiiat the switch rail cannot be moved. 

In tumouta from main line, it is coetomar; now to use the 
split switch. In this switch the outer rail of the maiu line and 
the Inner rail of the turnout track are oontinuous. 

The switch rails are steel rails, each planed down at one end 
to a wedge point, so that it may be cauaed to lie close against 
the track rail, and so turn the wheel in the direction intended. 
An augle is made between the main track and the switch mil. 
The fixed end of the switch rail is placed at a point correspond- 
ing to the head block of tlie stub switeb, and the distance 
between rails at this point is generally made the same as the 
"throw" of the stub switch (from 5" to 6"). The switch rail 
Is often made 15 feet in length, but a length oC 19 feet is not 
uncommon. The "switch angle" is determined by the length 
of switch rail and this distance between rails (gauge to gauge), 
and which we may call t. 

With the split switch a common practice is to calculate the 
turnout for a stub switch ; the llxecl end of the spilt switch is then 
placed at the point where the movable end of a stub switch 
would be placed, and the point of the switch wlierevcr this will 
bring it. This gives results appcoilinately correct, and suffi- 
ciently good to satisfy the requirements of many railroads. 
For instance H l = i5 feet, and the length of switch rail in 16 
feet, the P.C. of curve will cotue 10 feet {iiiCit:/>n>n the point of 
twiUh^ and the P. C. of the center line of turnout cunfe will be 
on the center line of mnlu track. The formulas derived for the 
use of stub switches are available therefore In many cases where 
split switches are used. Some prefer a mnre exact Molution. It 
the solution following be used, the center line of the turnout 
curve when produced back until parallel to the main track will 
not lie on the center line of the main track, but the slight 
distajice from tlie center may be calculated and an allowance 
imwin, so that the details of tnmouU to parallel Unttb cj^a. Hk 
calculated witii aimpUeity. 



1 
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154. Problem. Given, in a lurnnut, the gaage of ti 

length of simich rail I, the itUtanct I 
tween raiU t, and frog angle F. 
Required the radim of turnout track and 
distance from motahle end of rail to puliit 
of frog {or tlie " (end "). 

Lei EIF &Dd QK be tbe nula of 
the turnout. 
Draw Ml parallel and 

OM perpendicular to QF. 
Let S = switch angle 





Some prefer even greater precision, and give weight to the 
fact that the frog is straight, not curved. It ia customary 
apparently to make the switch rail straight even when used on 
I, and it is not customary to use, for curved main linei 
formulas di^ved on as strict and perfect a basis as is shown in 
U). (116) and in (116) and (117) shown below. It does not 
appear that the requirements of the work demand such exce»- 
ot calculation aa would \x neCBBsavs Vi in Mi.^. 



I 15S. When 



Turtioute. 



, When the carve contlnULee beyood the point of frog, 
the introduction of a altort tangent (funned by Uie frog) liiirui 
the alignment ho faraa appearance la concerned, and alsn makes 
teas CQiivenient the office work of laying out ymtls and othtr 
Inmout work. Aa a matter of fact, no advantage resnlta ao far 
H,f tlie easy running of the trun ia concerned. The path traveled 
by the center of a truck is here flied, uot by the line of the outer 
rail, as is the rule on curvex, but by the position of Uie guard 
rail near the iuBide rail, and the actual path Is likely to be a 
double -re versed curve of some sort, being Bxed finally, in large 
part, by the gauge of tlie Inside of the car wheels, and thun 
varying slightly with diflereiit wheelii. If it be considered 
essential to reconcile matbematically tlie position of the frog 
(ns to length of lead) with tlie form of the Crog, the beat way, 
probably, Is to make llie frog curved (on botli sides) to suit the 
curvature of tlie regular turnout curve. The result will be that 
tbe trog will truly lit the turnout curve, wiiile on the straight 
line the frog point will lie outside the proper gauge tine by a 
desirable axnount, rendering It posftlble to make the path of tita 
center of the truck nearly, or quite, a straight line. i 



1S6. Problem. Oimn, in a turnout, th^ gaugt of track g, 
lenfftk iif »tc«cA rail. I, dUtance brtietfH 
rail' (, length of f riff, end to point, t, 
and the frog angle F. 
BeQiitred the radiut of ivmout r, 

the distance from movablK end of rail (i 
point of frog. 
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157. Two parallel Btmight tracks may be convenieuily 
iieiit«d b; a turnout in four diSereot nays ; 

1. By a ruversed curve, the two curvea haviog equal radii, 
II. By a reversed eiirve, the two curvea tiaving unequal radii 
and with P.Jl. C. at point of trog F. 

III. By (n) a simple curve to F, 

(ft) tangent, and returti by 

(c) simple curve of radius equal to the first 

IV, By (n) a simple curve to F, 

(6) tangent, and return by 

(c) simple curve of radiuH unequal to first. 

158. I. Problem. Given thv perpendicular distance betwetH 

tipo parallel tangents, p; al»o this 
eiimmiitt radius, B. 
Jli'qtiired I,. 

R 



Formula (71), vera /, =^ 



159. II. Problem. Gieen Oii: radiits of the Jtrst 
ah^/ F niid p. 
Bf quired the radius nf ike vemnd ctirvt 
lit, to eonaert the parallel taitgeni*. 
II P.S.C. beUkeiiatF. 
Tlien I, = F 

UT - US - TS 
PT vera TPF = US - TS 




Jl.-l 



160. Problem. Ciren, as rthore. Hi, F, p, t 

Beq Hired J?j. 
Necoiiit Method. . 



between 
lite th« 1 

flu 







Ill the case of a croBa-over between tracks, it will bo conveii- 
itnit to caluulate the distance from f to H. Both frog poiiiia 
can then lie located and the entire turnout staked out without 



162, IV. Problem. (.Horn H 


,. 1. ;, t, r. ^m 


^P Hfqaired B3. ^^| 


/ 






^^F u / 


[ and TW and DG, be tlie 


Q 



[?^%: 


M genW,.uidEFSTiUKlQCRD 
tliB raila of llie lumoiit. 

U! Draw the perpend iru- 
Irira US, SM. 




Then SU = LM = NT-NL-MI ^^M 


F5HiJiUF5= NT-NL- PSvcrgSHM ^^H 


I sin F = p ~ g -^fi,^|^-Jve™y 


J! U P - « -'*ln^ (viXN 
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163. Problem 

/or tracks, as shoren 
figure, the radius Jt of 
lar ttout curve, alio the 
perpendicular distant es 
betvieea traekt p. p', p". 
Beqmred fiC, CD. 






BC Bill CBE = CE 
BC sin AOB = p' 



164. Problem. 



inen the radial distant p betvjeen a given 
curved main track and a parallel tiding, 
also frog angle F {or number n) and gauge 
of track g. 
Required tlie radius of lecond curve to con' 
nect point of frog leith siding. 

L When the siding ia outaide the main tract 

Let CM be the inner rail of 
the given main line. 

CFT inner rail of turnout. 

B™ = radius of niftin line (cen- 
ter). 

R, = radius of turnout f ceu- 



;> =^ TN = radial diauuice. 
Connect FT. FO. 
Lei f OT = O. 





3 FTO. FO = fi„ + ^ 

TO = ^. - I + p 
OFT + OTF = 
OFT ~ OTF = OFT - PFT = 



1 



Then 

UiiKOFT + OTF):laiiJ(OFT-OTF)= TO + FO i TO - 
aA\0 -.Wa^F =.2R:^-\- p : p - 



similarly FPT = 

Join FS, 

In the irlanelt: PFS, tanJ(F+ 0) = 






4 

4 



165. Approximate Hetbod. 

It might readily be nliown that it the entire tumuut he o 
I'ulated as if from n straight track, using the same values 
II and jj, and the degree of eaoh curve {Dj, Dt) be found ; lb 
It would be approximately true that, In tlie case of a curT 
main track, the degrees of the turnout curveB required woij 
he found by adding or subtracting £)« to or from D\ and J 
The dlBtanoes CF, FT would also he the same as in th(! tni 
out from straight track. The denionstrntloiU! wmviUl. toV'.'^-* 
principle oloseiy those given \i\ Yejwi\\S.tis, f^Wi , (^)W>:^ - 



Li2 Railroad Curves and Earthwork. 

166. Example. 

Turiiiiut from curve outside the main ttaok. 
I,etl*_ = 4; H = !); p = 16 ; g = i.T. 

Prteine Methud. 

* ,, p I440.a 1440.2 



02,7 log 1.0070BI"! 

1440.2 log 3. ir^22 

10 = 8" 40' 58" tun 8.808UOK 

jj'-' = 3°10'47" 



tan 9.080444 
log 1.1167080 
log 2.880(130 



B, = 7°22'17" 
_ iOQ(j- + O) _ 100 X 13° 43' 30" _ 



167. Approximate Uethod. 

In Ihe case of a turnout from a straight main track, where 
n = and p = 16, 

^i-|=(j'-p)2n" 

= {I5.0 - 4.7)3 X 81 = 1668.6 
R = 1676.1 ; i) = 3° 26' ; F = 6° 22' (Table XI., BeUte^ il 

186.3 for sCraighl tracks 







3° 25' 
I>, = D + C 

= 3° 26' + 4° = 7" 26' (7° 22' precise method) 
ima aa with atrai^t Imck {\^.% ^wc^ba m»:t»A1 





1 



lea 


11. When the siding la Inside 


the in 


in track. 




In a Birailar fashion it way be 


shown 


ualng this figure, that 




From triangle OFT 






■.niO-*'-'"' 


(1«) 


From 


riaiisle PFS 








(127) 





169. III. When the aiding 


isont- 


— «^;::-^_^ 


•Ide the main track, but with the 


— ==^^^^^\ 


center of turnout curve luslde of m^ii 


'vVsX 


track. 




'''A ^^\ \ 


Let EFS be the outer rail o 


inaiii 


x^vyi'Aj 


track. 




r \^\ 


FT the inner rail of tun 


out. 


/ 


From triangle OFT 




/ 


t.„10 <"^»>" 


(1211) 


' 


ii.+l 




From triangle PFS 






fl, 


2 t»nl(F + 0) 


(180) 




J, 100(.^' + 0) 


031) 



ft 

With both { IGS and ^ 100, approximate fomiuliu may bw 
tmed, the method being 8imila.r to that of % lUri. Experience 
will determine In what wwea it will be aufficleut tn vusfe v-W. ««- 
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170, Problem. Given the radial distance behceea a given 
curved main track and a parallel aiding. 
The two tracka are lo be connected by 

croaB-over, which shall be a revereeii curv 
of givun unequal radii. 
Required the cfntml angle of each cnrve u 
the reversed curve. 

ARB be center line of turiioii 
AC center line of main track, 
AO = fl. 
AP = fli 
RQ = Bj 
Then in the triangle POQ 
PO = Jf, + Ih 
PQ = Ri 4 -ffs 
OQ = OC + CB -BQ 
= B,. + p - Bi 
Solte for OPQ, PQO, POQ, then 
RQB. In practice this problem might 
take the following form ; Given £.,, 
p, g. AMtume n {or F) and n' (or P). Prom these calculate 
Ri and R^ (or use Table XL, Searlee). Then solve as above. 

171, Approximate Method. 

Where p is very small compared with B», the degroe of curte 
used will frequently be fotmd by the formulas (approx.) 

A, = D - O- 
and a, = D + Dm 

The length of each part may be found for a crosB-over between 
parallel straight tracks, UBlnf;thti same valuea of ti and p. and tlie 
same lengths used for this cross-over between curves. 

The proceaa is similar in every way to that shown by example 
in the previous problem. 

A almiiar method of treatment will be applicable in all ti 
oats from carves where the distance between' tracks is s 




I 





172. lu many cbsch where a, bnuich leaves a main track, 
an ftdditional track la laid oontiecting the two. This is called 
a "I*" track, and the combinalion of tracka is called a " }'. " 



173. Problem. 



L 



Given a atraight main tracJi, alto the P. 0. 

and radiug of a simple curve turnout. 
Required the diatanee from P. C. of lurnoiit 

to P.C. of "T" track; aUo the central 

anglet of turnout and (if "F" traric to 

the point of junction. 



I^t AC be the nivr 
straight main track. 




AB the lumout. 
CB the "T" track. 
Draw perpendicular NP. 



4 



(132) 
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174. Problem. Given a Hraight main track, aUo the P,C.^ 
radius, and central angle, of simple curve 
turnout connecting with a Kcond tangent ; 
al»o the radita o/"I'" track. 
Seqiilred the dietanee from P. G. of turnout 
toP.C. of'Y" track, and from P.T.uf 
turnout Clime to P.T. of "T" track. 
^ P ^ L*t AC he the given main 

LL'lt; ABD the turnout;. CD 




175. Problem. In the accompanying sketch where 
ABC = main track. 



OBt^n, 




AP = fl, 



^ 



Required the points D and C. 

Find PO, PQ, QO, alao OPA 
then POQ, OPQ. PQO 
then BOC, APQ 



D and C will then be easily delermlned. 




"I"' Tracks and Cromngs. 



97 



176. In the figure wburu ABC is tlie uiu.iii track aud DC 
la the turiKiut. 
Ghvji OB = R., 
CQ = fl, 
AP = H, 
BOC = O 
Hp(/uired Ihe points A ttoil D. 
Find QH, OH 
Uien EP 
then EPQ, EQ 
EH = AB, 
PQO = EQP + OQH 
PQO determines position of D 




EPQ detenninea length 



AD 



177. Problem. Gitfn a curve crostiiig a tnitgenl. ,>«(( !hf 
angle O belmeen tangmU and ciirre ; aliou 
■K, g. g'. 
Beqnired frog angleg at A, B, F, D. 

Draw AO, BO, CO, FO, DO ; also, MO perpendicular tn CM. 

Then UO = H cos 



MO- 



|l;)f1) 
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178. Problem. 




Given radiiy Bu Bi, of two curves crossing 
at C; also angle at crossing C; also g 
and g'. 

Bequiredy frog angles at A, B. 
D, E; also lengths AB, BE, 
DE, AD. 

Find in triangle OCP, the 
line OP. 

Find in triangle OPA, angles 
APO, AOP, and OAP = A. 

Find in triangle OPB, angles 
BPO, BOP, and OBP = B. 

Then APB = BPO - APO. 

The frog angles at D and E, 
and the lengths AD, DE, EB, 
may be calculated in similar 
fashion. 




CHAPTER X. 

SPISAL BASEUEHT CDBVE. 

179, Upon tangent, tratk ought properly to be level acroiw ; 
upon circular curvea, the outer rail sliould be elevated In acconl- 
itnce with the formula 







"32.2^ 


whloli 


« = 






S = 


gauge of track 






velocity In [eet per Mcond 




1{ = 


railius of curve In feet. 


In paaaing 


aroiind 


a curve, die cefitrifugal force 
^ 32.2 S 



It ia desirable for railroail traina that the centrifugal fores' 
should be neutralized by an equal and opposile force, and for 
this purpoee, the outer rati of track is elevated above the inner. 
Any pair of wheels, therefore, rests upon an incline, and the 
weight If resting on this Indina may be resolved into tiro 
componentB, one perpendicular to tlie incline, the other paral- 
lel to the incline, and towards the center of the curve. 

The component e parallel to the incline will be 

9 
It will be a very close approiimatlon to assnnie that C actH 
parallel to the incline (instead of horiiontaliy). The centrifugal 
force will be (approximately) balanced if we make 



I 
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3a.2 R 

In passing directly Eroui ta:ig(:nt to circular curve, there ict 
' a poiot (at P.C.) where two requirements conflict; the track! 
vaiiuot be l«vel across and at the eame time have the 
mil elevated. It has been the custom to elevate tlie cute 
cm the tangent tor perhapa 100 feet bacli from the P.C. 'I'his 
iH unsatisfuctory. It is therefore becoming somewhat 
to introduce a curve of varying radius, in order to alii 
itrain to pass gradually from the tangent to the circular 



180. The tranHltion will be must satisfactorily accomplished, 
when the elevation e inci^ases uniformly with the distance 1 1 
from the P.E. (point of easement) where the spiral easement' 
curve leaves the tangent; then - is a constant, or ^^J 

y^ =A (a. constant) ^^H 

32.2 iil ^^H 

I, we may put the equation in, 



161. To further inveGtigate the qnaJlties of this c 
It = aogle of inclination of curve to tangent at any point. 
Then Rda = dl 



I 









« = 


20 


(Ha; 


A (rain 






dy = 


■n ain « 
dl cos n 




id HJnce all values of a witl 
enc curves must be small, 
simpliciij that 


n probable limits of api»l eas»- 

ve way with slight error assumft^ 

1 
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Bin a.= K ^^^H 

then de=,adl ^^^^M 

dy = ;(J.(approx.) 
whence y = I '' 

from (141) lty=C .-' ' _• (1*1) 

(142) a = JlL '.;-. (144) 

dx = Itdt = ady = Jt— dy 

whence Integrating x =^7; C^PProj.) '-■-,. , (H6) 

This equation showB that the proper easement 'ourra in 
approxitnately » "Cubic Parabola," " ' -, 

1B2. The proper easeiiient curve to connect tangent 'and 
curve (or curve and tangent) is, therefore, a curve ol conatantly 
and unitorraly changing radius. The Cvliir Parabola, it ia 
seen, is approximately such a curve. Searlea'' Railroad Spiral 
is also approximately auch a curve, Searlea changes the radius 
of bis spiral uniformly but not constantly, the change being 
made at the end of each cliord of appreciable length (between 
10 and 50 feet each). The resulting curve is so nearly correct 
that no appreciable error results, whether the Cubic Parabola 
or Seatles' Railroad Spiral be used. The same thing may be 
MUd o( many other easement curves whose method of applica- 
tion has been set forth by various writers or authors. The 
error in nearly all cases la abaoiuttly uniraportam. Searles' 
book, The Railroad Spiral, has been so well prepared for con- 
venient use In the field, and presents so great a variety of 
spirals for selection, that the writer prefeiB it to any other. 

It is desirable, however, to know how to lay ciut an ease- 
ment curve without the necesaity fur using any special book of 
tables, and the Cubic Parabola desiTibed below will be found 
simple and available In such a caac. though tew convenient than 
the Searlea' Spiral when the boolc o( tablea of the Uua^ % is. 
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183. Problem. Given the radiiu, S, of a Circular Curt 

Bequired to lay iia! a Cubic Parabola t 
connect ehe-cvroe leith the tangent. 




A Ufleful aiiJ simple application of the cubic panbola 
road wcickHa shown by the following : 

.F!i eld-work: 
. .(a) Lay oS tangent ED. 

(b) Offset from the proper point C on tangent, to point A 
from which to run In circular curve AB (offaet by any distance 
AC desired). 

(e) Find Uie distance AL fuch that BL = 8 AC. 
U„(26) ..Jt 

(rf) Make EC = AL. 

(e) Mark K so that AK = KC. 

(/) Fix any desirable point W by the fonoula 



((/) Fix any desirable point T by the fonnala 



B sufflciently accuraU to take AB = AL 



r— 
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Hb..veth.t. 


1' 1. TLB curv 


e passing through the points E, W, K, 
1 fact a cubio parabola. 


B. «« 


II. Tlie car 
laiigent at B. 


ves, circular and parabolic, have b ct 


"■""»" 


III. Thecui 
at the point B. 


■ves, circular and parabolic, have the sanie 


^ 


IV. The oflaet ST is correctly calculated. 


■ 


185. I. Id the figure, let 


■ 




AB = tlio circular curre 


■ 




ED = the tangent 


■ 




EKB = the cubic parabola 


■ 




AL = a tangent to AB at A 


■ 




BF = ft tangent to EKB at B 


■ 


AM 


80 = 4 AC 
EC = CD 

AC = LD 


1 


Then trom the equation o( Uie cut«c parabola 


V 




BD'=4AC^8KC 


1 




AC=2KC 


(1«) 




BL = BO - LD 






BL = 3 AC 


(UV). 


The position 
oubic parabola. 


of W lollows directly from the equation 


of the 1 


The ratio — 


sbaold be eimple, for eaae iu computation 


■ 


Let 


EC=H.nd EZ = K 


M 


tben 


KC=^ and WZ = ^ 


M 
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I the cubic parabola at any I 

di _ 2 C _ j/^ 
~ tCt/ " dg ~ 2C 



2C 

= f = iCD 

By similar triangles VL = i FD = i CD 

Therefore, for the ruble parabola AV = VL 
and approximately the taugeiLtB AV = VB 

The two tangents to the circle at A and B must be' "ii 
Hence when BL is small compared with AL, the tangent to thu 
cubic parabola approjcimately coincides with that of lie circle. 

In the ca£e of a, very sharp curve, or where BL is large, (be 
approKunation may not be auScieutly close. 



187. 111. From (143) and (145) 
At point B 






^^ nien 






^erelore, H, and It, are avpcuX-in^^Vj e<\\u.\. 
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188. IV. Bequired in the figure^ the offset ST. 
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from (26) 



US = AC 4- VS 

= f + BL^I^^Capprox.) 



= i «6 4- i «6 



Vb 

Vh 
2 



\ Vb^ Vb I 
\ Vb^ Vb I 



= «6 + ajft 



V y.6^ y* / 



UT 
ST 



y8 



«6:ri 






If we make VL == EZ, then ST = ^L 
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169. ProbiouL Given iht Badiut, B,qfa Circular 

Bequired Co lay oat a Cubic Parabola 
ntenl curve bg the method of Deflection 
Angles, 

Field-woik. 

(u) Lay ofE Ihe tangent ED, 

(b) Oflset Irom any point C ou tangent, aud set point A 
from which to ruo in circular curve AB (ofEaet by any distance 
desired). 

(c) Find distance AL such that BL = 3 AC. 

(li) ABHuming the arc AB = AL, fUid the central angle (fur 
Uie arc AB) = AOB. 

(e) Take deflection angle DEB = ^=fi. 

(/) For other deflection angles oae tba formula i = 

is) W^it^ transit at E, run In cubic parabola. 

(/i) With transit at A, ruu ont circular curre beyond B..] 



be proved that with tins fleld-work | 
^ is correct 
_AOB 



190. Itr 

A. The fonnula i ~ h 

It. The deflection angle DEB 

A. Let i = deflection angle from P.E. to any point xg. 

■ ince jj ^ 

tan [ = ? = -J^ 

Fur small angles, tangents are proportional to tlie an^ 
Here i ia always small. 

'JTierefore i : i' - ^ : K™ (.ftpv*"*-) 



/Spiral Easement Curve. 
lai. B. In curve AB. 

L = ^ (A8 here being the chord) 
_ 4 ABV 2 AB" 




192. For most eaitement curves likel7 to be oeed. ibe 
appro^cimationa here given will lead to no errors of L'onse- 
i|uence. The greatest lauk nt precision vrill be In the position 
of the point B, and since it is undesirable that any error, how- 
ever Bniall, should be cnnled nhead, if it be possible to avoid 
it, Lheri! is an advantage in rUBulng in the circular curve with 
the transit at A, and with a hack-sight parallel to the laugeiit 
ED. ratlier than with tiie transit at S. 

If preferred, the length of line AL or AB may he assumed anil 
AC calculated. This metliod will Kimpli^ the calculatlou 'if. 
anglea if AL or AB be taken In tonnA vtan\V«T«. 
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193, Compound Curves. In tlie case of Compound 
it is proper and desirable that easement curves sliould ) 
duced between the iwo circular curves forming the compound 

Problem, Given the Radii, Bi, S„ of a Compound Came, 
and the offset between them, 
HeQjiired to connect the circular ctirnea bg a Cubic 
Parabola. 
Calculate a cubic parabola suitable to cotineict a tangent and 
a circular curve wbose radius la B,— B„ and for the given 
»BW>fl p (= AC, p, 102), 

The ordinates calculated nuiy then be laid oft from eitlier 
circular curve as is most convenient. The middle point of the 
uubic parabola will be on the oSset measured by p and midway 
between the two circular curves. The principle involved is the 
same as that discussed in connection with turnouts from curves, 
where the approximation was pointed out (pages 84, 92, S4). 

194. Problem. Given in a Compound Curve, Si, B„ p. 

Bequired the Deflection Angles for a Cuhia 
Parabola to connect the circular curvet. 
(a) Find by § 189 the Deflection Angles proper tor a Cobic 
Parabola to connect a tangent with a circular curve of radian 
= Bi- B.. 
Let these = ii, ij, in, etc. 

(h) Find the deflection angles to coirespondiiig points on 

one of the circular curves, the auxiliary tangent for these being 

at the point where the cubic parabola leaves this circular ci 

(where the transit will be st 

. d] da dj 

2' 

(c) The total deflections required will be lor 



Let these = ^, ^, ^', etc. 



L 
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193. Problem. Given Ike dfgreee of iteo paH» of a com- 
pound curve. 
Bequired to connect the Mo curves by 'i 
Searles' Spiral ; and to find Ihe of net, and a!$o the points where 
the spiral leanea omi! came and again joins the other. 

Let tlieTiurvea be 
AD with center W 



spiral FK must be 
selected so tbat 
at F it will have 
the proper citrva- 
tui'e to jolo tbe 
circle W, and at K 
the proper curva- 
tiire for circle 2. 
If the spiral be 
continued back %•> 
the P.ft. at S, we may show the tangent at S by SCC. The 
poinlB F and K must be regular points on the spiral. 

Draw perpendiculars WC and ZC and ZN, and extend circln 
ZtoH'. 
Then, ualng Searles' notation, 5C = ^i ; CH =p, 
SC' = g,i C'H'=p. 
The offset DE is required. 

Having selected a spiral which shall properly St at F and K, 
find for this spiral g,, p,, q„ p.. 




NW R, + p,-(.Il.+p.) 
DE = DW - ZE - ZW 

The point F may be found from since angle 

FWD = CWD - -f. 
The point K may be (ound by siiniiar prooesa. 
The point D is asaumsil on the ground and Is the point 
uleoted tot compoimdlag Vba raxv«». 
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Example. Given a eompovnd cune, 2° and b". 

Required to sfleet a spiral (Searles) ;_ 
find offset bettoeen^ and li° eurrea ; aiao 
poiutM where the iplral coniteeu h 



From Table VI., Seatlea' Spiral, 
and " IV., " Field Engineering, 

iielecl a Spiral and complete tlie following Table : 



Difference, 07.849 

P7.8481ogl.9905M 
1716.03 log3.234272 



1 

rlea) ;. to I 
res; alau 



u™«. 


n-. 


9 


P 


A 


B*, 


2° 
5= 


3 — 33 
9 — 33 


48.997 
140.846 


0.236 
3.856 


28C4.93 
1140.28 


2865.17 
1160.14 



Find point F. 

3° 16' 65" 



2" 15' 55" = 2°.16l}167' = 2.26.W(2''« 



I Len, 



6 - 33 = 1U8.00 



= 4.2348°( S°e 
84.70 = EK 

197.00 = FD + EK' J 




CHAPTER XI. 
SETTinG STAKES FOR EARTHWORK. 

197. The first atop in conncetiun with Earthwork is staking 
out, or " Setting Slope Stakes," a« il is commonl; called. 

There are two impoTtaiit parts of the work of setting slope 
stakeai 

I. Setting the stakeB. 

II. Keeping the notes. ^m 

The data for setting the stakes are : 

(a) The ground with center stakes set at evetji station (sane- 
times olMner), 

(h) A record of bench marks, and of elevations and rates of 
grades estabiished. 

(c) The base and aide slopes of the crosmsectioii for each 
class of material. 

In practice, notes of alignment, a fall profile, and Tarioua 
, are commonly given in addition to the aboie. 



19a. r. Setting the Stakes. The work ci 



C 2.3 or F 4.7. 

(ft) Setting side stakes or slope stakes at each side of the 

center line at the point where the side slope intersects the sur- 

fac9 ot the gronnd, and marking upoD the inner side of the 

stake the "ont" or "flU" at llAt ^Vnv, 

UV 
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199. (a) The process of finding the cut or fill at the center 
stake is as follows : 

Given for any stcUion the height of instrument = ^, and the 
elevation of grade = hg. 

Then the required rod reading for grade 

rg^hi- hg, (153) 

It is not necessary to figure hg for each station. 

Let hg^ = hg at Sta. 

hg^=:hg^^ - I 

hg^ = hg " " 2, etc. 
Also use similar notation for r,. 



Let 


g = rate of grade (rise per sta 


tio 


Then 


^9o = ^- K 

rg^ = hi- hg^ 






= *<-(^o + fl')=^-^.- 


9 



% = ^90-9 (1^) 

Similarly, r^^ = Tg^ — g, etc. 

It will be necessary, or certainly desirable, to figure A, and 
r^ anew for each new hi. It is well to figure hg and r, Tas a 
check) for the last station before each Xwxum%^int« 
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200. Example. ft, = 1DS.26 
Sw. 0, grade elevalion 100.00 

5, •■ .' 105.00 ". :;;,;„ 

10, ■' " 107.60 

■ 7V, = 108-26 - 100.00 = 6.25 6,25 

" I 
)■,, = 6.25- 1.00/ = 6,25 

r,,= 5.26-1.00 =4.26 

r^ = 4.26 - 1.00 = 3.25 

r,^= 3.25- 1.00 =2,25 

r,, = 2,25-1.00 =1.25 

Change in rate 
r,,= 1.25-0,50 =0,76 

r,, = 0.75-0,60 =0,26 

It IB found necessary to take a T.P. here, and we therefore 
lind ft,, = ft,, + 2g 

= 105.00+ 1.00 = 106.00 
r,, = hi- A,, = 106,26 - 108.00 = 0.25 
Therefore all intermediate values r,^, t,^, etc., are "checked." 

201, Having thus found r,, next, by holding the rod upon 
the surface of the ground at the center stake, the rod reading 

„ ro = LO is observed from 

— T T l~''i the instrument, Tlie cut 

^^^^.-^^""'/^ [r, c - OG = MN - LO 

> ^ 1 «'"> ^ the figure given thp 

values of r, and c are posi- 
tive ; a positive value of c indicates a " cut," a negative value 



(1) When h, is greater than A,, and 

(2) When A, U lesa than A„ 

the formula given will hiild good by paying due 
•IgD of r„ whether -(- or - , 



r 
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202. (b) Setting the 8t«ke far the Side Slop«- 
(1) Whtn (A< *uT/aet U level 



c = OG = center height 

,= 5N = *y= side .lope 
EN DM '^ 

d = OD = OE = dlBtaiice out 

Then d = GB + BN 

= i6 + s> DM = j6 + sx EN 

203. Setting tbe Stake for the Side Slope. 

(2) W?ttn the SJtr/nce U not level. 
Here the process ia less simple. 



^■"T 




b = AB = hue 

e = OG = cetit«i height (or out) 

(= dope 



f 
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h, = EK = Bide heifilit right 
A, = DH= " ■■ lefl 
(if = GK = distance out right 



Gut Ar ^nd h, are not known. It Ib evident from the figure 
ttial A, > c (md A| < c in the case indicated, and therefore 

* < 1 6 + M 

204. It would be poBStble in man; casea to talte meaHun'- 
iiientB flueh that tlic rale of Blope of the lines OE and 00 would 
be known, and the poaitioiis of E and D determined by cftlcula- 
tloii from such data. But speed find results finally correct are 
the esBentiala in this work, and these art beat socnrad by find- 
ing h, and ft, and the eorrcBponding d, and d, upon the ground 
by n aeries of approximations, as dfatribed below. 

Having determined c, use Uiih an a basis, and make an estimate 
at iince as to the probable value of h, at the point where the 
side slope will intersect the surface, and calculate dr= ib -{■ ih, 
tn correspond. 

Measure out this distance, set the rod at the point thus found, 
lake the rod reading on the Burfnce, and if the out or fill thua 
found from the rod reading yields a value of d, equal to that 
actually measured out, the point is correct. Otherwise makn 
a new and close approximation from the better data just ob- 
tained, always starting with A, and caloulating dr, and repeat 
the process until a point is reached where tlie cut or fill found 
from the rod reading yields a distance out equal to that taken 
on the ground. Then set the stake, and mark the cut or fill 
corresponding to A, upon the inner side, as previously stated. 

Perform the same operation in a similar way to determine 
d, = { b -f «A|, and mark tliis stake also upon the inner side with 
a cut or M eijual to h,. 
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205. It requires a cei'Lain amouac of work in the field to : 
predate the process here outlined, but which in practice is ti 
simple. It may iinpreas some as being uiutclefttitlv, and at ii 
-trial as slow, but wlcii a little practice it is surprising ho^ 
rapidly, almost by instinct, the proper point is reached, oftett 
witliin the required limits of precision at the linit trial, wbllf 
inore than two trials will seldom be necessary, except In difficult 
tnuntry. i 



206. The instrumenta-i work is the s 
the center stoke. 



1 principle a 



-, = ME = roil rpadinft at slope stake right, 



- NE = 



= '1^ 



I the same for center, right and left of sectionl 
: oases it uiny be necessary to make one c 

of the level ia order to reach tlie side stakes frod 
' stake. In this case, of course, a new r, must n 

from the new hi. This introduces no new principle 

the work slower. 



207. A "slope-board" or "level-board" may be used t 
advantage in many cases. In certain sections of country tl 
might be considered almost indispensable. It consIatB slmpl 
of along, straight- edge ol wood (perhaps 16 ft. long) withalev^ 
mounted in the upper side. It is used with any self-readinj 
rod. A rod quickly hand marked will serve the purpose w 
Having given the cut or fill at the center, or at any point in U 
section, the leveling for the side Htakes, and for any addition! 
points, can readily, and with sufficient accuracy, be done b 
Uiia '• lerel-boani," and the nectwslty for taking r 
pninis and resetting the level avoidtA. 
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208. II. Keying the Notes. 

The form of note-book used for keeping the notea of slope 
staked and of center cuts and filla, often called " crosa-section " 
iiolea, is shown on the following two piages. 

The left-hand coluiun for stations should read from bottom 

The surface eleuations in column 2 are not obtained direaig 
from the levels, but resiUt from adding to the grade eleva- 
tion at any station the cut or fill at tiiat station, paying due 
attention to the signs. Tliis column of surface elevations need 
not be entered up in the Held, but may be filled in as office 
trork more economically. 

The column oE grade elevations consists of the grade eleva- 
tioriB as figured for each station. 

The figures marked + ate cuts in feet and tenths, and those 
marked — are fills ; the figores above the cuta and fills arc the 
distances out from the center, and the position in the notes, 
whether right or left of the center, corresponds to that on the 
ground. 

The columns on the right-hand page are used tor entering, 
wlien computed, the " iiuantltlea, " or number of cubic yards, In 
each section of earthwork, 

209. The column "General Hotes" is used for entering 
extra measurements (of ditchea, etc) not included in the 
regular cross-section notes ; also notes of material " hauled " ; 
ctaaslflcation of material und various other matters naturally 
classed under the head of " Remarks." 

210. When the surface is irregular between the center and 
side stakes, additional rod readings and distances out are taken, 
and the results entered as shown for station on p. 118, the 
section itself being aa shown belaw in the sketch. 
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211. Fonn o£ Cross-Section Book (left-bana page). 


1 




(Dslol 
(NanieaofPart)-) 


1 




Sutiof. 


SOrimo 


E\^. 


Cro.i-Stclion 


+S7,S P.C 

-t-91 


100.S 

!0!,a 

103,7 

loa.i 


KM 
103 

loa 

109 


oa 
to 

TO 
M 

00 


-7.(1 -8.8 
-10.1 -Ht.T 

JM _Ti JL9 

-S.i -M 

Jifl -M JM 
-«.* -B.6 

JM -49 J5i 
-6.0 -M 

JM -s,g las 

-4.9 0.0 

Jia 00 JM 

-a,s +1.1 
!1<! ..11 JM 

0.0 +B.S 

_1M ^^j, JLI 

+ 8,4 +T,1 

11.7 .„ , M.T 
-t-C,7 +1«,7 

_!aj_l!L<!+iB7 _JM_«M 

+ 1S,7+17.S +111,1 +18.i 
+ 8.0+10.1 ** +7.8 +14.7 +H.S 




i 
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aia. (Right-hand Page.) 



Excavation 



L. Rock 



S. Rock 



Earth 



Embank- 
ment 



General Note« 



A 
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213. CroBS-Heotions are taken at every full Btation, at everj" 
P. C. or P. T. of curve, wherever graiie cuts the Burfsce, and in 
additjon, at every break in Uie surface. In the figure Ijelow, 
showing a profile, sections ahuuld be taken at the following 
Ktatians : — 




!3. 



t Stations 0, I, 2, 3 + 52, 3, 4, 5, 5 + BO, 6, 
a, 9, 9 + 29, 9 + B!, 10, II, 11 + 30, 12, 13 + 25 P.O., 
14, 15, IS, \7 P.T.. 18. 



214. It is not necessary actually to drive Htakes in all cases 
where a cniss-aection is taken and recorded, but in every case 
where they will aid materialLy in construction stakes should be 
set It Is best to err on the safe side, which is the liberal aide, 
III passing from cut to fill, it la customary to take full crosH- 
sections, not only at the point where the grade line cuts the 
Hurface at the center line of survey, but also where the grade 
outB the surface at the outside of the base, both right and le/t, 
Ba in the figure below, which illustrates the notes on p. 118 ; 
full cross-eections are taken not only at stations 2 + 76, but 
also at 2 + 64 and 2 + 91. 
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215. Ktiikus are actually set ai the center G aud at tliL- 
puiuta A oud B, where the oulaide line of the base of Ej^cavalitiit 
cute the surface. It is aoC cnstomary to set alakes or recorcL 
tlie notes for the points A' and B', where llie outside line of the 
bB«e of Embankment cuts the HUtfoce. The stakes at A, G, ami 
B are a sufBcJent guide for construction, and the solidities or 
"ilQantitlea" would in general be afEeoteii only slightly by the 
additional not«s if they were mode. When the line AGB crosscH 
the center line nearly at right angles, it would not be necessary 
to take more than one section so far as the notes are concerned. 
It is -well, however, to set the Htakes A and B exactly in chctii' 
proper position. 

216. Wherever an opening is to be left in an Embankment 
fi>r a bridge or for any other structure, Htakes should be set as 




38 A^^ 



At A and B (at the side of the base and top of the slopes AF 
mid BH) stakes should be set marked " Bank la Grade " ; and 
at F and H (at the foot of the slopes) stakes should be set 
inarke<l " Toe of Slope." Where the bank is high, an .addi- 
tional stake K at foot of slope may be set as an aid to constnic- 
tion. The stokes at D and E should also be set aa ordinary 
slope stakes. 

217. The "level notes" proper, or the record of heights of 
iniitruuient, bench marks, turning points, etc,, used in setting 
slope RtakPs, are usually kept separate from the cross-section 
notes. One reason for this is that level notes run from top in 
bottom of pa^, while cross-section notes read from bottom to 
lop of page. The level notes slioiild he k.e'^t, tWos-t \'r. •&» V«J*. 
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of the eroas-MoUon book or in a, level book curied for that 

purpose. Keeping these or any other notes on a slip al paper 
la bad praatioe. 

218. Earthwork can be most readily computed when the 
xection la a " Level Section,'" that is when the surface is level 
across the section ; but this is seldom Che case, and for purposes 
uf final computation it ia not often allenipted to take measure- 
ments upon that basis. 

219. In general, in railroad work, the ground is sufficiently 
regular to allow of *' TAreft-iewi Sections " being taken, one 
level (elevation) at the center and one at each slope Btnke, ax 
shown bj these notes, where Baae Is 20, and Slope ( to 1 : ^ 

11.3 „ _ 12.8 

+ 2.6 +6.5 



The term " Three-Level Section" is usaally applied only to 
regular sectiona where the widths of base in each side ot the 
center are the same. In regular three-level sections the calini- 
latlon of quantities can be made quite simple. To facilitate 
the final estimation of quantities, it is best to use three-level 
seotions as far as possible. 

220. In many cases where three-level sections are not 
sufficient, it may be possible to use " Five-Lfrel Sections, 
itonaiating of a level at the center, one at each side where the 
'lase meets the side slope, and one at each side slope 
shown by the following notes ; — 

Base 20, Slope 1 to 1, 

22.7 10.0 . IB 7 lO.Q _ 

+ 13.7 +17.2 +13.1 + 

The term " Ftve-Level Sertton " is nnually applied only to 
I'epular sectiojis where the base and the side slopes are the 
same on each side of the center. 

231. Where the ground is. very rough, levels have to bft 
taken wherever the ground requires, and the calculations mual 
be made to suit the requirements of each special case, althoufHi 
certain syatematle methods are generally applicable. Such 
a an- culled "/rr-jfuior SKtiuns." 



here the 
.2.2 ( 



CHAPTER XII. 
METHODS OF COMPUTING EARTHWORK. 

222. In calculating the solidities or ^' quantities '' of Earth- 
work, the principal methods used are as follows : — 

I. AvBSAOiNO End Ark as. 

II. Prismoidal Formula. 

III. Middle Areas. 

IV. Equivalent Level Sections. 

V. MbAN PROPORTIOirALS. 

VI. Henck^s Method. 

223. I. Averaging End Areas. 
This is the simplest method : — 



— >^ station 1 




SUUon 



Let Ao = area of cross-section at Station 

A ^ (( (( 4( 4t 44 (4 I 

I = length of section, Sta. to Sta. I 
S = solidity of section ol eaa\i^ci\>iL (^\a..^ v^ ^ 
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Then 



S = ^-^^^ l (in cubic feet) 



(158) 



= 4^±Ax . L (in cubic yards) 
2 27 ^ ^ / 



(169) 



As (158) is capable of expression 



^^2 2 



it is practically based on the assumption that the solidity consists 
of two prisms, one of base Aa and one of base ^i, and each of 

a length, or altitude of -• 



224. To use this method, we must find the area A of each 
cross-section ; the cross-section may be : — 

(a) Level. 

(b) Three-Level. 

(c) Five-Level. 

(d) Irregular. 



225. (a) Level Cross-Section. 



Let b = base 



= AB 




8 = side slope = 5t = §M 
*^ AL BM 



c = center ht.= OG 



A = %x^% of cross-section 
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Then 



DL = EM = sc 



^ = AB'xOG + DLxAL 
* = c(6 + 8C) 



(leo) 



226. (6) Three-Level Section. First Method. 




Let 



h = base = AB 
s = side slope 
c = center ht. 



side height EK 
** DH 
distance out ME 

u OL 



K 
hi 
dr 
di 
A = area of crossHsection 



Then2l= OGD + OGE + GBE + AGO 

= JOG X DL + iOGx ME + iGBx EK + iAGxDH 

ic((f| + dr) +il(hr-¥hi) 



c{di + d^) + 1 (;i, + hr) 



CS&vs 
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227. (Jb) Three-Level Section. Second Method. 




Using the same notation. 

J- 

GB 
GV 

GV = — =-^ 
8 2s 

OV = C + GV=:C+~ 

The triangle ABV is often called the *^ Grade Triangle. '* 
Area ABV = GV x GB 

Area EODV = OV x — + OV x — 

2 2 



Let 



V 2«y 2 

A = EODV - ABV 

\ 2«/ 2 
D = (i, + d^ 

V 2«y 2 4« 



4« 



(162) 



In using this formula for a aeries of cross-sections of the 
same base and slope, -^ and — are constants, and the compu- 

28 48 

tatioD of A becomes simple and more rapid tY\axi. \3aft ^a^lTaftthod, 
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228. (c) FiTe-Level Section. 



K 


/ 


\L7 




notation the sume as before ; in addition let 


/, = height MB 


/,= " u 


D ^ = &0B + DLOA + EMOe 


'1-f*f 


A^-^ 


6 + 


r,4 +/A 



229. ([{) Irregular Section. 

The "Irregular Sectioo," as shown iu the fliJTire, 
divided into trapezoids hf vertical Hues, as in Fig. 1 ; 
triangles by vertical and diagonal Uih'h, us in Fis. i. 




The triangles in Fig. 2 can be computed In groups of t 
each pair having a common baae (vertical). 

It will he aeen that Fig. 1 requires 3 solutloos and Fig. 2 o: 
7 aolutlonB of trapezoids or t;i\&n^«ft 
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9 



s-^!i±^-^(in--yi'0 



be made with Bubstantially equal BimpUciCy in eltlieT 

aft«t a little experience, directly from tlie notes without any 

necessity for a sketch. 

230. Another method which haa been used for calculating 
irregular croaa-Hecliona ia to plat them on oroaa^ection paper, 
and get the area by "Pionimeier." In very irregular cross- 
sections this method would proTe economical as compared witli 
direct computation by ordinary methods, but it is probable that 
in almost every case equal speed and equal precision can bt^ 
obtained by the nae of auitable tables or diagrams (la be ex- 
plaiued later) ; for tliis reason the use of tlie planimeter is not 
recommended. 

231. Having found the Talaes of A for each c 
iS' i» fuuud in each case by the formula above give 

_A^j\^Ai ± 
27 ^' 

It is found that this formula ia only approximately correct. 
Its simplicity and subslanlial accur/ify in the majority of caseii 
render it ao valuable that it hsa become the formula in most 
common use. It gives results, in general, larger than the true 
solidity. 

232. II. Priamoidal Formula. 

'- A prismoid is a solid having Cor its two ends any dissimilar 
parallel plane figures of the same number of sides, and all the 
sides of the solid plane figures also." 

Any prismoid may be resolved into prisms, pyramids, and 
wedges, having as a common altitude the perpendicular dis- 
tance between the two parallel end planes. 

Let Aa and Ai = areas of end planes. 

M— area of middle section parallel to Iho end 

I = length of prismoid, or perpendicular dis- 
tance between end planea. 
S = solidity of the p 
Then it may be shown that 

S = (AB + iM + Ai)l 




J 
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233. Let B = area of lower face, or base of a'prism, wedge, 

or pyramid. 

h = area of upper face. 

m = middle area parallel to upper and lower faces. 

a = altitude of prism, wedge, or pyramid. 

8 = solidity ** 



u 



(( 4( 



44 



Then the area of the upper face h in terms of lower base B 
will be for 



Prism 
b = B 



Wedge 
6 = 



Pyramid 
6 = 



and the middle area m will be for 



Prism 
m = B 

The solidity « will be for 



Wedge 
wi = — 



Pyramid 
m = ^ 



l*rism 

H = aB 



^.62? = ^(2? + 4B+2?) 



a 






Wedge 



» — 



2 6\ 2 / 



a 






Pyramid 
aB 



8 = 



3 oV 4 j ir ^ 



Since a prismoid is composed of prisms, wedges, and pyramids, 
the Hame expression may apply to the prismoid, and this may 
be put in the general form 



^ = Mo+43f+^i)| 

o 

using the notation of the preced\iv^^^%<&. 



(103) 
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234. A regular section uf earUiworb having for 
plane face ia a priamoid. Moat seclions of earthwork hare 
llieir Bajface plane, and are not Etrictly priamoida, althnugU 
they are so regarded by some writera. 

In this figure the linea EoOa and EiOi are not parallel, and 
therefore the surface OqOiEiEd is not a plane. The mcel com- 
mon assamption as to this surface ia that the lines OoOi and EoEi 
are right lines, and that the surface OoO|EiEii is a warped sur- 
faci;, generated by a right line moving as a generatrix alnays 




parallel to the plane OoGoBnEg and upon the lines OoO, and 
Ei)Ei aa directricea, aa indicated In the tigure. The aurface tliiis 
generated is a warped surface called a "hyperbolic paraboloid." 
It will he sliown that the "prismoidal faruiula" applies alao to 
this solid, which 1b not, however, properly a priamoid. 

235. In the following figure, which haa perpendicular sides 
Di^laAiDi, EoBoBiF and the liiiea OoEo and D|Ei right lines, 

D let ha = base = AnBii 

ft, = •■ =A,Bi 
('« = cenierht. = OoGo 
_ DqAq + EoBq 



_ DiAi 





I = length (altitude) 

of sections GitGi 

Aa = area of DoAoBnEo 

A, =^ area of DiAiBiEt 
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Also use notation hx^ c., A^ for a section distant x from G'l. 
Then 
Afi = 6oCo Ai = b\Ci 

b. = bi+iho-hi)f 

V 

Tx = Ci - (Ci - Co) ^ = Ci+(Co- Ci)^ 

^, = 6,c. = [fti + (60 - 61) ^] [ci + (Co - ci) ^] 

;S = j'J[6i + (60 - hi) -^] [ci + (Co - ci) ^Jda; 
= 6iCi?+[6i(co-Ct)+Ci(6o-6i)]^+ ^^^~^^X^;-"^^ 





6 61C1 + 3 61C0 + 3 60C1 + 2 60C0 


z 


— 3 61C1 — 2 61C0 — 2 60C1 


6 


- 3 hici 




[ + 2 61C1 J 



5= ^2 Ml + 2 60C0 + &1C0+ 60C1) 



(164) 



236. Apply the '^ Prismoidal Formula *' to the same section. 
The base and center height of the middle section are : — 



Aq^ &0C0 



2 

Ai = 61C1 



jj^ ^ 6o±6i ^ Cojt£i = area of middle section 
2 2 

i8^ = i(^) + 4 3f+^i) 
o 

= ^ (^oCo + ftoCo + &0C1 + 61C0 + 61C1 4- h\C\) 

= - (2 61C1 + 2 60C0 + 61C0 + 60C1) 
o 



(166) 



This is the same as formula (164) found above to be correct 
for the warped siurface. Therefore the ** Prismoidal Formula " 
(168) applies to the section shown Vn % *2!^. 
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237. Tho MCtionH of eartliwork ccimiuonly used In 
work are bounded not by perpendicular sides, but by inclined 

planes. 

In iho figure, suppose 
a plane to be passfd 
Ei tlitougli the line EoEi. 
g cutting AoBo aC Po and 
' AiBi at P,. Tbe prin- 
moidal formula applies 
to Ibe solid E„PuB„BiEiP, 
cut out by tliis plane, 
uince this aolid is a true 
prtamold. If tbe priE- 
moidal fonnula appliL-s 
Xa the entire solid, and 
also to the part cut out. 
it must apply to Uie re- 
maining Bolid DiiA<iPaEoE]P|AiDi, and this represents in form 
one side of a regular three-level section o( earthwork in wbich 
OoAo represents the center height and EoPg the slope. 

If the prismoidal formula applies to tbe section upon one side 
of the center, it appUea also to the other aide, and so to the 
entire aeotlon. 

238. The " PrUmoidal Formula" is of wide application. 
Since It applies to prisms, wedges, pyramids, and to solids 
bounded by narped surfaces generated aa described, it follows 
that It applies to any solid hounded by two parallel plane faces 
and defined hy tho surfaces generated by a right line moving 
upon the perimeters of these faces as directrices. It may alao 
be stated here without demonstration tliat it also applies to the 
fl-Hsta of all solids generated by the revolution of a conic sec- 
tion as well as to Uie complete soliils, for instance, tbe sphere. 

The prlsmoldal formula Is generally accepted as correct for 
the computation of earthwork iind similar solids, and the meas- 
urements of a section of earthwork are taken so as to repre- 
sent properly the surface of the ground if this be a waiped 
surface of the sort described, Tlie failure to use the prismoMal 
formula is explained often by the additional labor neoesauy 
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239. For *^ three-level " sections of earthwork, a result cor- 
rect by the prismoidal formula may be secured, and the work 
simplified, by calculating the quantities first by the inexact 
method of '*end areas, ^^ and then applying a correction which 
we may call " The Prismoidal Correction/' 

Let 8e = solidity by end areas 

5„ = ** ** prismoidal formula 

Then C = 8t— 8p — prismoidal correction 

In the figure, § 235, 

8p = by formula (164) = ^ (2 hiCi + 2 6oCo + hiCo + ^oCi) 

6 

8.=\- (6ici + 6oCo) =^ ^ (3 6iCi + 3 6oCo) 
z o 

C = Se~ 8p =- (ftiCi + 6oCo — biCo — &oCi) 

o 

= - (bi-bo)(ci-Co) 
o 

Let DoAo = V DiAi = hi' 

EoBo = ^0 EiBi = ^1 

Then C= ^ (6i - 6o)(^i-±-^ -^^^tV\ 

= ± (ftl _ fto) (hi + ^i' - /io - V) 

When the solid assumes a trian- 
gular cross-section, as in the ^gure, 

hi' = 
C =lcbi-bo){hi-ho) (10(0 
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240. If any solid be divided into a number of eiiliils eacli rif 
trUcguIar craas-sectlan, the above correction may be applied to 
each sach triiuigular solid, and tbe sum of tlie corrections will 
be the oorrection for the entire solid. 




Let this figure represent a section of earthwork divided into 
three parts, as indicated by the lines DoGo. EuGo. Did, EiGi- 

Then, for the solid OoOoGoEoEiGiDiOi, 

= ^ Cci-Co)Cd^+d,, -d^,-d,,) 
Let Di=di^ + dr, and Uo = d^, + d., 

C = ^ (c.-CoJC^.-Do) 
For the solid GuBuEnEiBiGj, 

= i(0)(J., -»..) 



SimUariy for tbe solid AoGsPAGiAi. 

Hence for tlie eotire solid AaSDEoOoDoDiOiEiBiAi, 



r 
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When I = 100 

= si {fi-co)(A--Du)incu, yds. 



.Sp= i'.- C (I'll') 

When («, - Po)(I>i - Oo) is positive, tbe correctimi f in la 
be aubtracted from S,. 

When (Ci — Ci])(Z>i — Z)u) is negative, the arithmetical valiiH 
o£ C is to be odrfed W ,?,. The latter case seldom occurs in 
practice, except where C ie very small, perhaps small e 
I^ be neglected. 

For a section ol length I, 






d 



341. In general, for aectiona of earthwork, the pritmntdnl 
correction as given above applies only when llie width of base 
ii the naniB at both endt of tLe section. There are certain 
special cases, however, whicli often occur, and which allow of 
the convenient use of this formula for priamoidal correction. 
Keferring to the figure on p. 120, and the corresponding notes 
on p. lis, the correction can be correctly applied in tbe case of 
the excavattoa from Sta. 3 + 64 to 2 + TS as follows ; ~ "J 

Compute Se. and then apply C, using at ^H 

Sta. 3 + 64 Da = '2^.2 ^| 

ami at Sta, ! + 76 D, = ll.B = *_ 

i)r the distance out on one side only. This may readily t>e 
demonstrated to be proper if the correction to the riglit of the 
L-enter be taken, laing formula (167), and the correction to the 
left using formula (IDS), and tbe two corrections (i;l.%V\t. ^^wV 
left) be added. 



13(3 
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242. Fumiula (100) caa also be oEed to find llie com'Cliiiii 
fertile triaagular pjniniids (for excavation Sla. 2-f 76 to 34-91, 
anil embankment I + 64 to 3 + 76), taeh tad of thf pyrami'l 
being considered to have a triangular seciioo. A much siuiplet 

way to find the correction for a pyramid is tliia, 



= S, - 



= -S. 



^ may readily be abonu li 




343. In the case of regnlar ■ ' Fivt-Ltrel Sections, ' ' as shown 
In the figure, p. 12T, the pristuoidal correctioQ may be c 
puted [or each of the triangulaT masses bounded by 



of AOB, the priemoidal correction will e 
5o = = Z>i, and therefore Da- I 
(or the mass bounded on one end by 



^hSA-AX''^,-*.) 




iR of earthworl: 



244. In the caae of " Irregular Sections," the prismoidal 
correction cannot with convenience be accurately employ e<1. 
There are, however, several methods by wliich we may calcU' 
late a "prismoldal correction" which will be approximatety 



r the parpose only of cnlculatitip ibe c 
9 following Mietliods may be emii^ojeA ■. 



I, either of 



r 
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1. Neglect all intermediate heights, and Aguri 
from center aiid side heigbU. 

2. Find level sectiona of equal nrea in eacli ca«e, and figure 
currection, uaing tlie center heights and side dietaiiceB of tliei 
lerel sectionE. 

3. Having e and D at the irregular section, either 

(a) retain e and calculate D, or 

(6) " i> '• '• c 

for a "regular three-level" section of eijuai area, and use tUese 
values to calculate the correction, 

4. Plat the cross^BecClon on cross-section paper, and equalise 
by a line or linee drawn in tlie most advantageous direction, 
And from tlie c and D Urns found compuM tlie coireotion. 

243. In relation to these metliodH ; — 
No. 1 is most rapid and least accurate. 
'■ ! Is less exact than 3 lu most cases, and probably no more 

" 8 Is recommended as nearly equal to 4 In accuracy, and 

far more rapid. 
" 4 would yield the moat accurate results. 
Tlie value of these approximate methods cannot be properly 
appreciated until certain rapid methods of computation are 
understood, as will be appreciated later. 

The results obtained by the methods shown above are ap- 
proximate only, but in most cases the resulting error would be 
small, or a small /racf (on only of tlie entire correction, which is 
Itself generally small. 

246. The method of calculating by averaging end areas 
and, applying the priamoidnl correction will be found much 
more rapid tiian to calculate the middle area and apply the 
prinmoidal fnrmnla directly. There is another advantage of 
importance in favor of the use of the prismoidal correction ; 
in a majorit; ot cases for secti-ons used, the method of "end 
arena," Is sufSclenCty accurate for all pmo^cal purposes, and 
from the use of the prlsmoidai correction the computer will 
soon learn to distinguish, by inspecUon merely, in what caaee, 
tliia oorreetloa need be aippUad. 



1 
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Z47. III. Uettiod of Uiddla Areu. 

This conHista in caJculaliDg the area of the middle section 
{not the mean of tlie end areas), and assuming Che aotidity to 
be that of a prism having a baae equal to this middle a 
an altitude equtil to the length of the gection of earthwork. 

Let .V= middle area 



This method Is not exact. It gives reaulia generally less thra 
the correct solidity. It is not sufficiently rapid to recommend it. 

240. IV. Method of EqiuTAlent Level Sections. 

This consists in finding lerel end sections of equal area with 
the actual em) sections from these calculating the level nilildle 
section, assuming the top surface connecting the level end sec- 
tions to be a plane ; and then calculating the solidity of this 
prismoid by tiie prismaidal formala. 

This method is not exact ; it gives results less than the 
solidity. It is not sufficiently rapid to recommend it. 



249. V. Method of Mean Proportionals. 
This consists in assuming that the solid is the frustum of 

pyramid, in which case all its aides would meet in 

This method is not exact. It gives restdta always leas than 

the correct solidity. 

250. VI. Henck'a Method. * 

In connection with the prismoidal formula, It was stated that 
the moat common assumption vras that the upper surface is a 
warped surface of a certain kind which was there described. 
Senek^i Mfthod assumes otherwise ; that the upper sui-face is 
divided into plane surfaces bv diagonals frotu the center height 
o/ one cross-section to the side height of the next, as shown 
/n tbe Sgure, where the diagonals Oitu wvi 0«Q\ rae di«,wn. 



^ 

If a \ 
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Which way the diagonals shall be assumed to run is deter- 
mined on the ground by the shape of the surface in each case. 




The diagonals OiEo and OqDi divide the surface into four plane 
surfaces, DoOoDi, OoDiOi, OoEoOi, EoOiEi. 



251. 



Let this figure represent the right-hand side of a section 

of earthwork, with the diagonal 
assumed to run from Eo to Oi. 

Join Eo with Go, Bi and Gi. 

The entire solid may then be 
considered as composed of three 
pyramids having their vertices in 
a common point Eo. 

Using notation already famil- 
iar, the solidities of the three 
pyramids are as follows: — 

«i = area GoBoBiGi x height at Eq -^ 3 

= lwx^ 
2 3 

«2 = area GoOoOiGi x distance out to Eq -j- 3 

- Co + Ci ^ ^dr^ 

2 3 

sz = area OiGiBiEi x length of section -^ 3 

= \(^h,. J^cxdr\x- 
2V2 » V 3 
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Lei &', ~ soliiUty of this riyht half of Bectlon 
A = Si + Sa + Bj 

Let C = center height touched by diagonal 

1} = distiitice uut to side height touched by diag 

Then «.= [i[^(A<. + A., + B,)+c^^ + f>d,, + CD,] 
= Bolidity tor left half of section 
,S-= S,+ .S,= |[| (ft,^ + h^+ K, + ft,, + a- + U,) + fn('f,„ - 




Sta. 


Surf. 
Elev. 


Grade 

Elev. 


Cioss-SeclionE 





123.0 
133.0 


121.00 
I2Q.00 


_!iO +30 -M 

+ 3.D\ +^'"\ +1.0 

15.0 \ II.O 

:p^ ^ + 3-0 TTo 



'['lie nolen bIiow tlie direction of llje dingnnal as taken on tlie 
grauiiil. 
Ja litis case ft = 20 s = I v> \ 
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293. Henck gives not«-b<iok und calcalatioiis ia tbis furiu : — 



1 




"' 


h 




K 


.. 


.,... 


,l,*.l,:r l;i', li,>\ 


16.0 


3.0\ 

6J) 


2.0\ 
\8.0 


l.o 

\1.0 


11,0 


24.0 

26.0 


48.0 

78.0 22.0 mA) 



22.0 

__ a9.o 

14.0 x^= 140.0 ^ 

^ 6 )827.0 

6460 (I'U. ft.) 

234. The calculations could lie conveniently made however 
from the notes as now generally laken, us is shown below ; — 



iM +2.0 Ji!^ 
h3.(K \ +1.0 

yTX) ^ ■ +1.0 


24,0 X 2.0 = 48,0 
20.0 X 3.0 = 78.0 




2.0 


11.0x2.0= 22.0 


8.0 


8.0 

4.0 


18.0x3.0= 39,0 




14.0 > 


f 

6)327.0 










6460 ( 



I 



I, ft.) 

255. The work of compulation would not, in either o( thene 
t^aw^, properly be done in the field note-book, but rather in 
II ealunlation book, or other suitable place. 

For ft leria of crosH-gections, lleiick EystemBtizen the work, 
mill reduces the labor noticeably from wliat Is shown here. 
(Slee Henck's Field Book.) Ilenck'a method Eb strictly ACnii- 
mle, upon the asoumption made as tu the upper surface. In 
fteiiernl railroad practice, most engineers prefer to assume the 
ii])1)er surfsce a warped surface of the sort deHorlbed. 

Ilenck's method is less rapid tlian that uf averaging end areas 
and applying the prlMAoid^ eoneotiWYi,. 
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256. The metliod of averaging end areas and applji 
prlamoidal correction appears in point of accuracy aud rapidity' 
to meet the requirementa of modem railroad practice. 

Some engineers whose opinions are entitled to careful con- 
sideration object to the uas of tlie prixtnoidal formula or 
prismoidal correction in any form, some as an nnnecessary 
refinement, and some on the ground that certain practical con- 
slderatioaa render the results nearer the truth wbeo the method 
of averaging end areas is used trithout applying the prismoidal 
correction. Probably the greater part of the best engineering 
practice favors the use of the priamoidal correction. 

25 7. Example. 

Showing a comparison of various methods of calculating 
i-arthwork. 

Notes of excavation. Base 24. Slope IJ to 1. 

rea of grade triangle, 



Grade triangle = B» 



^ 11.0 4- 21.0 2 

Grade triangle = Oil 
The mid-section will be Ao = 879 




Sla. 0. 




: RSOO 
.S* = 30450 
.Error o/ S, = + 8300 = 10 pet 



Grade triangle =_90 

1^=46750 ^H 

= B300 ^^H 

30460 ^^^1 



Methods of Computing Earthwork. 143 

259. II. Prismoidal Formula. 

89 =Ai 
363 X 4 = 1462 = 4 ^m 
876 = Aq 
6)236700 
39460 = 8, 

260. III. Middle Areas. 

Sm = 363 X 100 = 36300 

Sm error = — 3160 = 8 per cent 
He '' =+6300 

261. IV. Bquivalent Level Sections. 



Ai = Area of level section 
-4| = li c2 



An ^ 1} «^o = 136 (this includes grade triangle) 

c2 =9a 

6 =9.6± 
All = li eh = 972 

e^i = 648 

ci =26.6± 

«.=2M±M=17.6± 

^ = li X 17.62 = 457.8 
Grade triangle = 96.0 

861.8 

39. = Ai 
4x361.8 = 1447.2 =4^« 
876. = A^ 

6 )2362.20 

39370 = 8t Error = - 80 
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262. V. Mean Proportional b. 
A» = 30 311. = ,^0 

Ai= 876 184.8 =\/MM 

M.Ai = 34164 S7(). = J, 

V:Wi;= 184.8 SnOMUO 



263. VI. Benck's Metliod. 

Onr Svbtkh oc Diagonals as Shown :» Notes, 




.,.. 


1l 


"' 


." 


», 




<',-'. 


(rf|*drW 


«V 


£>, 


1 




13. S 

28.5 


1.0 

11.0/ 


/1.0\ 

19.0 


3.0 
\21.0 


;6.6 
43.5 


30.0 

72.0 


30.0 
1368.0 


7 


2. 



12.0 
11.0 
21.0 



= +1350 

= 3 per oentl 







Opp 




■"" 


OF U 


AOOK* 


8. 




'V 


,.., 


-fl 




' 


»r 


,.. 


cf, + d. 


Kdi^r)' 


AC" 


^, 


1 




13.5 
28.6 


1.0\ 

11.0 


I.O 

V».o/ 


/SO 

21.0 


10.6 
43.6 


30.0 
72.0 


80.0 

1368.0 


57 


0. 



570.0 
480.0 
6)2448.0 

40800 = S»- 

38100 = S» 

2 )781>00 

3U460 
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264. Conection for Corvatnre. 

Ill the case of a curve, the ends of a seciiun of earthworlt nr.' 
not parallel, but are iu each ciuii: tiormat to the curve, tn cal- 
culBting the solidity of a aeetioii of earthwork, we have heretii- 
fiire aaaunied the ends parallel, and lor curves lliia is equivalent 
to taking them perpendicular to the chord of the corve between 
the two atationB. 

'['hen, as ahowii In Fig. 1 (where IG and GT are center-line 
chorda), the solidity (as above) of the sections |G and GT will 



be too great by the wedge-shaped mass RGP, and too amall by 




Put. 1. 



QGS. When the cross-sectlonH on eaoh aide of the ecnttT 
are equal, these maasea balance each other. When the croan- 
aectton on one aide diSuifi much in area from that on the other, 
the correction neoeasary may be confliderable. 
146 
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d„ b, «, as before. 

Make BL = AO, and join OL. 

Then ODAG balances 

OLBG, and there reiuaiD.' 

Hn unbalanced, area OLE. 

/ y^ Draw OKP parallel 



^ 



By the " Tlieorem of 
Pappus" (see Lanza, Ap- 
plied Mechanics), "U a pkne 
a lying wholly on Che same 
Bide of a etraigbt line in Its own 
plane revolves about that line, 
and thereby generates a Bolid 
of revolution, the volume of the 
solid thus generated is equal to 
the product of the revolving 
area and of the path deacribed by the center of gravity of the 
plane area during the revolution. '■ 

The correction for curvature, or the solidity, developed by 
tliia triangle OLE {Fig, 2) revolving about OG as ^ 

an axis will be its area x the distance described 
by its center of gravity. The diat-tnce 



Fio. 1. 



It (hoi 



jntal) to the 



f gravity from 
the axis (center line) 
will be two thirds of 
the mean of the dis- 
tances out to E and to 



a[id the distance described niil be 
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. Tlierefore the co 


rreotion for ourvatuw, 


c = (|..),«. 


^.*i^x angle QGS 


When IG, GT ar 


e each a full station, or 100 ft. in length, 




QGS= D 


-d-)-^ 


^■•^ «»,..« 


arc 1° = .01746 




'■=(^")s 


Ax*^ x0.om6D 


=e..)<«.- 


A.)CA- + A)X 0.00291 i>(cu. ft.) (172) 


^(1-)*- 


fti)C<[r+ rfi)x 0.00011 O (cu. yds.) (17:i) 


2GS. When IG 


or GT, or both, are leaa Ihan ICKI ft., let 


IG 


= /„ ttiid GT = l, 


Tlie.1 QGE 


= A-<:5and SGE =Ax5 ^H 
100 2 100 '^ 2 ^^H 


QGS 




<-(!*-)*- 


A.)C't+'i.)^'<0.OO0nD(cayds.) C1T41^H 


2fi6. The cone 
i» on the outeide o 


lion C is to he added when the greater area ] 

the curve, and Bubtracted when the greater 

£ area in on the inside of the curve. 

^^ When the center height ia 0, aa ^^^ 

,--'y^ in Fig. 3, we may conaicier thl&^^H 

^/ a regular aeotlon In which c = O^^^H 

A, = 0, and (fi = |; then ^^H 


Fia. 3. 


-!«'■'(*- 


1) ^WO^ "" ''""*°" ^ ^™' ^'^''^ C1751^H 
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111 the caae of an irregular wction, a« sbumn iu Fig. 4, the 
urea and distance to Eenter of gravity (for example, of OHEML) 
may be fiiund by an; method available, and i 




figured accordingly. The correction for curvalure m, in present 
railroad practice, more frequently neglected than used. Kever- 
thelesE. its amount is sufficient In many cases to fully warrant 



267. Opening in Embankment. 

Where an opening Lt left in an embankment, there n 
oiitaide the regular aectiima the mass DEKHF. 




■B caltnliited in 3 picccH, ADF, BEKH, ABHRij 
= base = AB 
= distance out riglit 
= distance out left 



" _ . _ I taken parallel ti 






f- 



■''^ heights at I ^ 
solidity ADF 
BEKH 
ABHF 
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Then (approximately) following the *' Theorem of Pappus,'' 

s\ = mean of triangles AD and AF x distance described by 
center of gravity. 

area AD + area AF 2V 2/ 2 



mean area = 



2 



.M(*^«-!) 

The distance described by center of gravity is found thus : — 

length AD = di — , and AF = pi 

mean length = length AD + leny^th AF 

distance out to center of gravity =-. -{di-\- pi — -\ 
distance described by center of gravity = -f(i, -f-p^— ^jZ 

= ^(^j + P£- 1)' nearly (176) 

52 = ^/d, + p,-|y nearly (177) 

area AF + area BH ^ ad 
sz = X Ad 

^ (flPl+frPr)b ^^^^ 

4 
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2G8. The work of deriving fonniOas (176) and (177) te'S 
proEiiaate tbroughout, bat the total quantitieE involved a 
general not large, and the error resulting would be uuimportant. 

There seems to be no method of accurately computing tliis 
Bcilidity which is adapted to general railroad practice. 

269. Borrow-Pits. 

lu addition to the ordinary work of eicavation and embank- 
ment for railroads, earth is often "borrowed" from outside 
the limits of the work proper ; and in fiuch excavations called 
" borrow-pita," it ia common to prepare the work by dividing 
the snrface into aquarea, rectangles, or triangles, taking levels 
at every comer upon the original surface ; again, after the 
excavation of the borrow-pit ia completed, the points are repro- 
duced and levels taken a aecond time. The excavatlou Is thus 
divided into a series of vertical prisms having square, rectangu- 
lar, or triangular croas-aectiona, Theae prlams are commonly 
truncated top and bottom. The lengths or altitudes of the 
vertical edges of these prisms are given by the difference in 
levela taken, 

Ist, on the original surface, and 

2d, after the excavation is completed, 

Tliis metliod of nieasurement is very generally used, and for 
111 in y puriKises, 

270. Truncated Triangular Prisma. 

K Let .A = area of right section EFD of a 

truncated prism, the base ABC 
being a right section 




It AH 



solidity of prism A8CKHE 

" " ABCFDE 

" " psramWFDtHV, 







Special Problems. 



151 



Then 



«j = -4 X AD = -4 X 



3 AD 



^ ^^ AD + BE + CF 



«„ = area DFKH x - 

2 3 

^KF+HD pp^g 

3 2 

_ KF + HP . 



S = 8i-^ 8u = 



= A 



./ AD + BE + CF KF + HD \ 
(AD-hHD)+BE+(CE-hKF) 



8 



(179) 



If the prism be truncated top and bottom, the same reason- 
ing holds and the same formula applies. 

271. Truncated Rectangular Prism. 

Let A = area of right section ABCD 
of a rectangular prism 
truncated on top (base 
is ABCD) 

hi — height AE 
^2 = '* BG 




K 



hz = 



n 



KC 



hi = " HD 

5 = solidity of prism 

6 = AD = BC 



a = K^ = ^C 



1o2 Railroad Curweg and Earthi 
Then using metliod of end areas, 

„ _ AEHD 4- BGKC ^ „ 



■^ hi + Aa + A, + ft. 




A i + fta + ft j + fit 



(cu.yds.) (181) 



We may find 8, correct by the pri^aotdal formula, if we 
apply the prlsmuidal correction. The prismoidal correction 
f ■ = 0, since Do - D, = (or in Ihia case AD - BC = 0). The 
funnula therefore reniaina unehanged. It Is evident from this, 
tlien, tlia,t the solution iiolds good, and the forinnla is correct, 
not only wlieu tbe surface ENKG is a plane, but aJ»o wlien It is 
a warped surface generated by a riglit line moving always par- 
alleL to the plane ADHE, and upon EG and HK as directrices. 

Some engineers prefer to crosa-section in rectangles ii( base 
15' X 18'. In this case 



_ 1&' X 16' fi| + A; + Aa + hi 



m fil +fi» + ftj + ftj , 



(cu, yds.) 



ler convenient dimensions will surest thenuelreti N 

10' X 13.5' or 20' x 13.5' or 

this method the computations are rendered slightly n 

hnt the size of the cross-section, and the shape, 
wliether square or rectangular, should depend on tlie topog- 
raphy. The first es.tential is accuracy in results, the second 
ia elwplMty and economy in fleld-work, and ease of computation 
ahould be snbordinat* to both ut lUese cana\iii!TW.«iTOi, 
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272. Assembled Prisma. 

lu tlie case of an assemblj of prisms of eqnai baae, it Is cot 
neuessary to separately calculate each prisiii, but the solidity of 
a niunber of priaiiiB may be calculnted iu oue operation. 

Ill the prism B, ^M 

f. _ . a i + ni + 6a + 6.. |fl 



ii + b, + bi „ 



From inspection it will be seen, taking .^ aa tl 
area of base of a ainglc prism, and taking tbe Hutu of tlix 
soliditiea, that tbe heights dj, (Is enter into the calculation ol ^ 



B C " \ 



one prism only ; Of, at into two prisma each ; 6i, 6a one only ; 
hi. hn into three prisms ; ba, 6^ into four prisms ; and Bijnilarly 
tlirougboui. 
Let t, = sum uf heights common to one prism 

(,= " " " " '■ " twopriams 

(j= " " " " " " three " J 

Then the total aolidity, fl 

« = ^?l+A'.+JiUlii!ccu. ft.) 



CHAPTER XIV. 



EARTHWORK TABLES. 

273. The calculation of quantities can be much facilitated 
by the use of suitably arranged ** Earthwork Tables.'' 

For regular ''Three- Level Sections'' very convenient tables 
can be calculated upon the following principles or formulas : — 




A G 

Use notation as before for 

c, hi, hrt di, dry s, I, A, S 
A= ABKL + OKE - ODL 

OK X EM OL X ND 



Then 



= c(6 + «c) + 



^(EM - ND) 



= c(6 + «c) + |^| +«cV^i - c -c-\-hr) 
^ = c(6 + 8C) + 1(1 + 8c\ {hi + ^r - 2 c) (185) 



For a prism of base A and / = 50, 
S = bOA (cu. ft.) = — ^ (cu. yds.) 



S=^e(0 + ,c; + gf|+ scVhi + ft,- 2c) (cu. yds.) (186) 
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374. For croas-sec lions of a given base and i;lope, that is, 
givun h uiid s Gonatant, we may calculate for sucuoasive values 
of 0, aud tabulate valutss of L and K a» foUowB ; — 





,. 


!■■ 


' 


lf.(*+») 


i(^") 



L reprejtenta the Bolldity for the level iectioit. 
K is for use as a correction. The formula then adapts itsrif 
to this table for any desired values of c, Ai, Ar< 

S = i + ^CAi+'^-2cJ (104) 

Having found for succeaeive stations S^ and ^i (each for a 
prism I = M), then for the fvXl «eeti'oii by "end areas," 



•I ' -11 27 37 

*.(»= «.+ Si (187) 

275. When I U less than 100, 

For level sections ft, = A, = c 

ft, + A, - 2 e = 
and the formula 

S=£ + A'(ft, + ftr-2c) 
iH'coines S = L (189) 

tor level sections, and the quantities for any given v^nes of r 
can be directly taken from column L without any correction 
from column K. 

in preliminary eatimates, or wherever center heights onl^ 
an.' uHed, such tables are rapld^j aae&. 
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276. Tables may be found at the back of tiie book, pages 
190, 101, calculated for 

1. 6 = 20 « = lJ.tol 

2. 6 = 14 « = li to 1 

Au example will illustrate their use, 

6 = 14 « = IJ to 1 

Notes : — 

Sta. I -JM ^8.7 1?^ 

- 4.0 - 3.6 



10.6 _ 2 g 10.3 



- 2.4 ~ 2.2 



Calculations : — 



3.7 X = 134.0 ^=11.6 fc, + A^ = 7.6 

4- 2.3 0.2^^ — 2c = 7.4 



Si = 


136.3 


L = 


82.2 


— 


4.0 




+ 0.2 

2.5 L= 82.2 ^=10.0 ^z+^r = 4.6 

2c = 6^ 
6*0= 78.2 4.00 ^'--«-^_0.4 

^loo = 8i-\- 8o = 214.6 

277. There is also at the back of this book a ''Table of 
Prismoidal Correction'' calculated by the formula 

<7 = 3|j(co-Ci)(Do-Z)i) 

In the example on the preceding page, 

Co - ci = 2.5- 3.7 =-1.2 
Do-Di = 20.9 - 25.4 = - 4.5 



From Table find opp. 4.5 for 1 1.39 

2 



2.78( 10 



1. 0.28 - 0.28 



10 



C=1.67 



Sm = Se = 214.5 

C= 1.7 

S„ = 212.8 



Earthwork Tables. 157 

278. JThen the Bection is less than 100 ft, iu longtlj, tlie 
prismoidal correction 1b made before multiplying by -j- \ 
thatiB, A',=(,%+Si-C)i (IWJ 

279. Tnblea based upon these formulas have been published 
as loUowa: — 

"The Civil Engineer's Escavation and Embankment Tables," 
by Clarence Puilen and Cbarles C. Chandler, pnblished by the 
"J. M. W. Jones Stationery and rriating Co.,'" Ch[cago. 



Tables are calculated for 6 = 12, 14, 16, 18, 20 

8= i, i. 1, li 
Tables of a Eimilar kind, but calculated so that 



t 



280. For general calculation adapted bolh to regnlar " Three- 
Level Bectiona" and to "Irregular Sections," tables can be cal- 
culated upon the following principles and formulas : — 

These tables are, in effect, tables of " Triangular PriamB," in 
which, having given (in feet) tlie base B and altitude a of any 
triangle, the tables give the solidity (in cu. yds.) for a prism of 
length i = 60 ; that is, 

afl m_ 

'27 54""" 



•'=¥-S=S«^ <■»') 



Wlienever the calculation cao be brought into the form 

iS=rT<iD, the result can be taken directly from the table. 

281. Tables of this kind are " Allen's Tables for Earthwork 
Computation," by the author of this book, and for sale by 
I>, Van No»l«nd Co.. 23 Murray St., New York. A sample 
page Is shown at the end cif this book, page Il>4. Convenient 
tables ot the same kind, but arranged differently for use, are 
"Tables for the Computation of Railway and oilier Earth- 
work," by C. L. CrandaU, C.E.^lfibwis^'KewXaf*.. 
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50 
282. In both tables the formula S = — aB takes form thus, 

50 ^ 

S = --x width X height, and the tables are arranged as below. 
64 



/ 


Heights. 


Widths 


f? width X height 
64 



The application to *' Three-Level Sections '* is as follows : — 
We have formula (162), p. 126, 

\ 2«/2 4« 
and for a prism 60 ft. in length (I = 50) 

,^ = 50^ = 50/ Mz>_50.A.6 
27 54V 2«/ 64 2« 

or /9 is the sum of two quantities, each of which is in proper 
form for the use of the tables. 

For cross-sections of a given base and slope (& and s con- 
stants), — is a constant, and also — • ^ — -6 is constant. 

A 8 Oi £i S 

We may then calculate once for all - — , and call this B (a 
constant) . * 

Also — • — '6, and call this a constant E. 
64 2« 

Then S = ^{c -\- B)D - E (192) 

54 

In using the tables, c + J3 = height 

D = width 

As in the previous tables, having found So and Su 

>S'ioo = So + Si 

Si={So^8{) ^ 



\W 
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283. Example. Allen's Tables for Earthwork Computation. 

Notes : — 

Sta. I — ^ - 1.2 — ^ 

- 2.4 - 1.2 

^^•° rif -°-: -M 

6 = 11 «= IJ to 1 

A = 3.7 = B 

Grade triangle, — x 3.7 x 11 

64 

Under height 3.7, find 1 = 3.43 10. = 34.3 

1 = 3.43 1. = 3.4 



Station 1. c= 1.2 

5= 3.7 




^ = 37.7 


height = 4.9 






D = 9.1 + 7.3 = 16.4 


• 




Under height 4.9, find 


1= 4.64 
6 = 27.22 
4 = 18.16 


10. =46.4 

6. =27.2 

.4= 1.8 



74.4 
^ = 37.7 

^1 = 36.7 



Station 0. c = 0.7 








J5= 3.7 


• 






height = 4.4 








D = 8.8 + 6.4 = 16.2 








Under height 4.4, find 


1 = 4.07 




10. =40.7 




6 = 20.37 




6. =20.4 




2= 8.16 




.2= 0.8 

61.0 
^ = 37.7 

Sq = 24.2 




« = 


S^ 


-V Svi-^^Jik 
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284. IrreguUr Sections. 




An *' Irregular Section'* can be divided into triangular parts, 
as in the figure. Taking generally two triangular parts together 
for purposes of calculation, we have 



^^ _ ^1 X (AG - dn) 
2 

2 

^j - ^1 X (dH - 0) 
2 

^^_ cx(d| + dL) 
2 

^ ^ ^P X (<?B - <^l) 



^^ _ fee X (dr - dp) 
2 



«i=g;i,(AG-(f„) 

ss = — A|dH 
64 

«4=gc(di + dO 
«5=-Mp 

o4 
o4 



^ = «1 + «2 + «3 + «4 + «6 + «« + «7 

^100 = ^0 + 'S'l 



(103) 



Si = (So + .S'l) 



I 



100 



285. The calculation of Irregular Sections in rough country 
becomes very laborious unless the best methods are used, and 
tJj/s process should be thoroughly understood. 



CHAPTER XV. 
BARTEWOSK DIAORAUS. 

286. ComputatlonH of eartli^orh may alBo be made by means 

nf dlugrtims Irom which remits may be read by iiiHpectlin 

The principle of their eotutnictian 1h explained as IoIIowb : — 
Given an equation containing three variable qaanilties an 

x = zy (104) 

If we assume Home value of z (making z a conatAnt), the 
equation then becomes the equation of a riglit line. 

If this line be platted, using rectangular cojirdinates (as the 
line z :^ 1 in the ligure), then having given any value o( y. the 
corresponding value of x may be 
taken oft by scale. IE a new value 
of I be aaaumcd, the equation is 
obtained of a new line which may 
also be platted (as z — \ in the 
figure), and from which also, hav- 
ing ^ven any value of y, the cor- 
respouiiing value of z may be 
determined by scale. Assuming 
a KerlcE of values of z and platting, 
we have a series of lines, eacli 
" representing a different value of i, 

and from any one of which, having given a value of j, we may 
by scale determine the value of i. 
Thus, gtvtn, values of 2 and y ; reqaind, x, « 




' may find. 



. The line correspiniding to the given value of z, and 
. Upon this line we may fltid tlie value of x correspoi 



^mj^n^^^J 



7 

1 


n 

■2 
28 


■ 
7, 


■ 
J 

Ne 


■ 

la 

t. 


■ 

Ir 
f 


ad Curvet and Earthvork. ^^^H 

nstead of platting upon lin<a as coOrdiH^^^^ 
axes, vfe plat upon croBs-BeoUon 1 












/ 




a scale, so that the values of x anil 










/ 






y need not be t&aUd. but may 1 c ' 








y 






^ 


- read by simple inspection as in ili.' 






/ 




t'' 










/ 


-J 










^ 


r' 














the same procedure <a equally possible, and the line repreaea^^JI 

ing any value of £ wUl still be a. right Une. ^^^1 

If the equation be in the form ^^^^| 

x = a(s + b)(g + c) + d (i(^^M 

in which a, 6, c, (I, are conslantB, the same procedure is still 
possible, and the line representiag a given value of c is a righi 
line, as before. 

The use of digrams of this sort is therefore possible tor the 
Holutiou of equations in the form of 

a: = aC* + 6)Cs + c) + d 

or In simpler modifications of this form. 

289. Referring again to the figure above, we may consider 
the horizontal lines to represent Bucceasive values of x and refer 
to them as the lines 

a: = ; i: = 1 ; a = 2. etc. 
and similarly we may refer to vertical lines as the tines 

i/ = 0;if=I;l/ = 2, etc. 
just as we refer to the inclined lines 

e = 1 ; e = 1, etc. 

Having given any two of the quantities x. y, z, the third may 
As foand by inspection from the diagram by a process similar 
to that described. 
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290. Diagram for Priamoidal Correction. 

This haa the form x = a x z x y 

Cnngtfvaion of diagram. 

AsBume (aa we did for i) a aeries o( value* of 

fo- Oi = 0, 1, B, 3, 4, 5, etc. 

When fo — ci = then C = 
or, the line Cn — Ci coineidea vrltb the Hue f = 0. 

When Co — C] = 1. the equation of the line Cn — r, la 

To plat this right line, we mnst find two nr more poiats on 
the line. For the reason that uroBS-section paper is generally 
warped aomewhat, It ia beat to take a number of points not 
more than 3 or 4 Inches apart, in order to get the lioea rnifll- 
ciently exact. For convenience, take values of Bo — Di as 
follows : — 

When («o-Ci) = 1 

take /J„-/>|=0. 3.2i, fl.48, fl.72, 12.ft), 16.20, 

tlwn C = 0, 1, 2, 3, 4, 6, 

When Cu — Ci = 2, (he eijuation of the line Co — Ci is 

Therefore when co — cj = 2 

Wke D.,-Di = ^. 3.24, fl.48. 0.72, I2-M1, 10. 
then C = 0, 2 , 4 , fl , % 
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291. In like manner a table may be conslmcMii. 





" 


„. 


«.« 


.... 


18.M 


,.« 


«.« 


M,flS 


».« 


ih-r; 




1 





1 






3 



4 




G 







7 



8 




2 





2 




e 


8 


10 


12 


14 


16 




3 





3 




9 


12 


16 


18 


21 


24 




4 





4 




12 


18 


20 


24 


38 


32 




5 





5 




15 


20 


25 


30 


35 


40 




Q 





a 




18 


24 


30 


36 


42 


48 




7 





7 




Sil 


S8 


35 


43 


49 


50 




8 





8 




24 


32 


40 


48 


ee 


64 




9 





9 


18 


27 


38 


45 


54 


63 


72 




10 





10 


20 


80 


40 


50 


60 


70 


80 




,-., 























292. It will be noticed that when Z>o - Di = 0, C = 0. 

Therefore for all values of co — c,, the lines pass througli the 
origin. 

We may proceed to plat the lines co — Ci = I> Cu — Ci = 2, 
Co — ci = 3, etc., from data shown in the above table. platllDg 
upon the lines Do-Di= 3,24, D«~Di= 6.48, etc., tUe polnto 
shown with circles around them in the oross-eection sliect, 
p. 165. 

Ilaviag the lines co — fi = 1, co — ci = 2, 3, platted, inier- 
mediaUi linea are interpolated mechanically upon the prin- 
ciple that vertical lines would be proportionally divided (as 
ML is proportionally divided into 5 equal parts), and points 
are marked for the lines 



= 1.2, 



1.4, 



1.6, 



For tlie nifiBt convenient use, the values of flo — ci are taken 
to every second tenth n( a foot in Interpolating, as ia shown on 
the diagram, p. 165, between I and 2 ; tliat is, 

1.2, 1.4, 1,6, 1.8 

A complete diagram la shown !i\. \.\ie \!a«'\<. o\. '.'att\> 
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293. For Use. ^1 
Kind the diagonal line corresponding to the given value o 

- Ci ; follow tilts up until tlie vertical line repreaeuting tli 
given value of Dd - Di is readied, and the intersection ia thn. 

ntflrsec'tion. 

294. Diagram for Triangular Priams. 

From toruiula (ini ), S = ~'D, a table may be construct*.] 


1 
1 






« 


..4 


.... 


,e.. 


n.. 


B-." 


/' 





2 

;i 

■1 
5 


8 

10 






0. 









5 
10 
15 
20 
26 
30 
3G 
40 
45 
50 



10 
20 
30 
40 
50 
60 
70 
80 
00 
100 



15 
30 
46 
60 
76 
90 
105 
120 
13G 
150 




20 
40 
60 
80 

100 
120 
140 

IGO 
180 
200 



26 
60 
76 
100 
125 
150 
175 
200 
226 
260 




■: 
















L^ 


From this a diagram can be constructed aimilar In form U 
hat for FrlHinoiclal Correction. 

The lines for all vatuea of c pass tbronph the origin. 

In constructing this table, any values of D loiglit have beei 
.Aken instead of those osed here. Those used were selected 
ecBuae tbey give resalta aim-plB ia value, easily obtained, and 
idily platted. 


d 



Earthwork Diaiji-avii. 
299. DkgrBm for Tliree-Level Sections. 

bi\ is) 5+ 2« 

A separftte diagram will be required for each value (i 
bination of values) of 6 and ». Since 6 and a thus become 
), the formula aasumes the form of 

(197) 



4 



a = a(« + 6)v + 



and the diagram will consist of a aerieH of right lines. 

A table can be made up by taking Buccesslve valuea of c = 0, 
1, 2, 3, 4, etc., and flndiug for each of tiiese the value of .S' 
corresponding to different valuea of D, using the above tormuln.. 

To make separata and complete computations directly I: 
formula would be quite laborloiu ; there is, however, a n 
of systematiziug the coastniction of the tattle which c 
shown better by example than in any other way. 




A table baa been prepared for 



and for 



These values of D are selected for the following r 

It possible value ; D = 16.2, 21.0 arc deslrabl^ 
because they are multiples of 6.4, and the factors in the t 
inula show that tlie compuiatjons will be simplified by eelectti 
riiultiplea uf 6.4 for ilie wooeMWa VH^aea ciV U. 
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^ 






JJ 


1,,.. 


.,.6 


.T.O 


^A 


«T.S 


4... 


D 






12.B«3 


16. 


20. 


35. 


30. 


35. 


40. 


■^T" 


~Y 





I).51 


32.84 


50.18 


70.61 


102.84 


126.18 






1 


12.963 


24.61 


52.S4 


81.18 


109.51 


137.84 


100.18 








2 


25.026 


39.61 


72.84 


106.18 


139.51 


172.84 


206.18 








3 


38.889 


64.51 


02,S4 


131.18 


160.51 


207.84 


246.18 








4 


61.852 


80.51 


112.84 


1E6.18 


190.51 


242.84 


286.18 








6 


64.816 


84,61 


132.84 


181.18 


229.61 


277.84 


326.18 








6 


77.778 


90.51 


152.84 


206.18 


250.51 


312.84 


306.18 








7 


90.741 


114.51 


172.84 


23I.1S 


289.61 


347.84 


406.18 








8 


103.704 


129.61 


192.84 


256.18 


319.51 


382.84 


440.18 








9 


116.067 


144.51 


212.84 


281.18 


349.51 


417.84 


486.18 








10 


129.030 


150.51 


232.84 


306.18 


379.51 


452.84 


526.18 








w 






= 


S = 


H-Y 


D - 60.49 


m 


d 


When D = U S = ii -^ -U- 60A9 ^^^M 


= 60.49 - 60.49 = ^^^| 
When £=16.2 ^^H 


nv ma,y agaia calculate directly ^^^H 


,5= SJ¥- 16-2 -60.40 ^^* 


but a better method Is to find bow mocb greater S wiU be for 
D = 1S.2 tlmn for 2) = 14.0. 


We have s = ii-^-D- 60.49 ^^^ 


Then for any new value D' ^^^^M 


= i} ' Y ' '^' - SO. 49 ^^^H 


i"-S=JS'V(0'-B) (M^ 


for D' = lfl.2 D - 14.0 D' -D = 2.2 


S- - ,? = Jj . Y X 2.2 = 9.61 I 


L j^^H 


^L^ ^' =9.&\,>«\i\c^\Benvci!^&wVa<a\». ^^^H 



Earthwork Diaijram». 
1.8 i)' = 16.2 D"-D' = l,A 



5*= 9.61 



5>' = 



79.509 



Si' - 5"' = 23.33-5 .S-i = 120.175 

SI- = 70.60B 
ConalaDtinoremeniforU'- D =5.4 ia 23.333. 

297. Etich result ia entered Ja the table ia ita proper place. 

The final result tor c = and D = 48.2 should be calculateil 

Independently as a check. 



When c = S = %\-^D - 60.41 

When i> = 43.2 « = JS ■ Y x *-1-2 - 80- *' 

= 60 X YxO'B-^'^l 



I 



This checka eitactly, ami all intermediate values are cliecked 
by this proctiSB, nhlch Is also more rapid than an independent 
calculation fur each value of D. 

298. We now have values of S for the various values of 

i) = U.O, 1H.2, 21.8, etc,, wUenc = 0. " 

Kelt, Gnd liow uiuch these will be increased when e = \, H 

Formula B = \%(.f + V)0 - ™-*B 

fur any new value c" i" = SJ(e' + V)fl - 00.40 
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When c' = 1 and c = 0, c' — c = 1 

Similarly, S" - /S" = fj(c" - c')i) 

When c" = 2 and c' = 1, c" - c' = 1 

That is, for any increase of 1 ft. in the value of c, 

S'-S^HD (201) 

When D = U 

Sf - S=:iix 14 = 12.963 

This we enter as the constant difference for column D = 14. 

We have already found So= 

12.063 

Si = 12.968 

12.963 

52 = 26.926 

This gives column 14. S^ = 38.889 etc. 

When D = 16.2 

(201) S' - S=^D = ii X 16.2 = 60 X 0.3 

= 16 
Enter 16 as the constant diflEerence in column 16.2. 

We already have So = 9.61 

15. 
Si = 24.61 
16. 

53 = 39.61 

This allows us to complete column 16.2. 6^3 = 64.51 etc. 

Similarly for D = 21.6 S' - S = 20 

Enter 20 as constant difference in column 21.6, and complete 
column as shown in table. 
Similarly, iiW out all the columns a\io^ii *\\\ \-\ifc \aJcAfc. 
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299. The final result for o ;= 10, Z> = 43.2 should be caleu- 
laled independently, and directly from the (ornitila, as a check. 



c = 10 D = 43.S 

S= JJ X 14.007 X 43.2 - 00.49 
= 50 X 14.007 X 0.8 - 00.40 
= 40 X 14.08,' - 80.40 
= 680.68 -60.40 

5' = 620.10 



I 



The table gives 526.19. This checks auOlciently close to Indi- 
cate liial no error has been made. It would yield an exact 
theck if we took c + V = 14.00117. 

300. Note that for c=l0 D = 43.2 value = 520.18 

c = 10 D = 37.8 " 4G2.84 

Diff. ="7!^.^ 

Between c = 10 D = -')7.8 1 ,,,„ _ -„ „« 

iiiid c = 10 B = 32,4 1 ■ - ■ 

In line c = 10 a ooiiatant dlScrence Im found helween aucees- 
sive values of D differing by 5.4. This niny be demonstrated 
to be = 73.33. 

AH values in the table except column 14 are RatiBfactorily 
checked by applying this difference of 73.33 In line 10 together 
with the independent check of c = 10, Z) = 43.2, 

The value of c = 10, i> = 14 can also be checked and shown 
to be correct. 

301. Having the table, pa^ 108, completed, the construction 
111 the diagram is simple. 

The "DiagrumM ThrM-lweJ SeciUma, Jliiae. 14, Slopf IJ 
t'l 1," was calculated and constructed according to this table. 
The Diagram given shows a general arrangement of lines and 
figures convenient for use. For rapid and convenient use, tli'- 
diagram should be constructed upon cross-section paper. Plain 
Ci ; and in this cnee the diagram will be upon a scale twice that 
of the diagratu BceompanyUtg Uwob iw\iBb. 
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A "curve ot level Bectioo " has been platted on this <li£ 
Q Ibe following manner. For level aectiuns, w 






Tbe line passing througb these poliile % 



i Uie '■ 



of 



Aaide from the direct use of thia curve of level eection (for 
pretimloary estimates or otherwEse), it is very usetnl in tending 
to prevent any gross errors in the use of tbe table, since, in 
general, the points (interaeotiona) used in ttie diagram will lie 
not far from the curve of level s< 

302. Ose of Diagram. 

Find the diagonal line corresponding to the given valae ot e 

follow this up until the vertical line representing the given valae 



nf D la reached, and this 

value of S correspondii 

Example. Notes. 



found. Then read off the 



Sta. 



-2.1 



-2.5 



= 78. 1 

= 214.1 



For Sta, I 



D = 25.4 
c = 3.7 is the middle of tbe space between 3.6 and 8.8. 
Follow tilia up until the vertical line 25.4 is reached. 
The inteisectjon lies upon the line 8i = ISO- 
Enter this above opposite Sta. 1. 
For Sta. c = 2.6 i> = 20.9 

c = 2.6 is the middle of space between 2.4 and 3.6. 
Follow this up until the middle of space between 20.8 and 
21.0 is reached. 
The intersection lies just above the liae 

5o=78 
Enter this opposite Sta, 0, 

Stoo = Si + So 



u 
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ITie priemoidal correctiou may be applied if deflired. 
It should be noticed tbat <n eitch case tbe Intersection w 
i|uiie cloae to tUe " curvH of level section. " 

303, DiagraiuB may be constructed in this way tbat n 
give results to a, greater degree ot preciaioi 
by tbe precisioa reached In taking tbe t 
ground. 

lu point of rapidity diagrams are much morn rapid than lablen 
(or tbe computation of Thite-Leml Sections. 

For " Tiiaiisular iVisnw" and for Frismoidal Correction, 
tbe diagrams are aomeahal more rapid. 

For Level Section, tbe tables tor Tliree Level-Sections, g 274, 
are of least equally rapid. 

A book eutitled "Computation from Diagrams of Railway 
Eanbworli:," by Artbur M. Wellington, publisbed by D. Apple- 
ton & Co., N.Y., explains tlie application and coiistruction of 
ocrtain other tables in addition to those given here. " Welling- 
ton's Diagrams," as there published, are upon a scale differing 
from that uaed here, and they do not allow of as great precision, 
but, on the other band, ate arranged to cover a large number of 
tables differing somewhat as to base and slope. 

304. The use of approximate methods for applying the prls- 
moidal correction to irregular sections (pp. 136-137) will be 
rendered practicable by the us« of these " Diagrams for Three- 
Level Sections." 

Method 1. No use of diagnims is necessary. 

Method 2. Having found for any irregular sections (by tri- 
angular prisms or any other method) the solidity S tor 50 ft. 
in length, find upon the diagram the line corresponding to 
this value of S; follow this liiie to the curve ot level section, 
and read off the value of e (for a level section) which corre- 
hponds, and also tbe value of D tor the same section. 

Method S. Having found in any way tbe value ot 8; it e is 
given. And the value of D to correspond ; If D \e given, find the 
value of c to correspond. 

Method 4. Tlie use of diagrams is not needed. 
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CHAPTER XVI. 



HAUL. 



305. When material from excavation is bauled to be pliiced 
in embankment, it is cuHtomary to pay to the contractor a 
certain Bum for every cubic yurd iiauled. Oftentimes it ia pro- 
vided tbat no payment shail be made for material hauled less 
than a apeciQed distance. In Clie e&st a common limit of "free 
haul" is 1000 ft. Often in the weat 100 ft. is the limit of 
" free haul." 

A common custom Is to make the unit lor payment of haul, 
cue yard hauled 100 ft. ; the price paid will often be from 1 to 
2 cents per cabio yard hauled 100 ft. 

The price paid for '■ haul " ia amail, and therefore the stand- 
ard of precision in calculation need not be quite as line as in 
the calculatiou of the quantities of earthwork. The total 
"haul"wlll be the product of 

hauled, and 



(1) the total amoun 

{2) the average length of haul. 



I 



306. The average length of haul ia the distance between tlie 
center of gravity cif the material as found in excavation, and 
the center of gravity as deposited. It would not, in general, be 
simple to find the center of gravity of the entire mass of exca- 
vation hauled, and the moet convenient way is to take each 
section of earthwork by itself. The "haul" for each section 
ia the product of the 

(1) number of cubic yards in tbat section, and 
(SJ distance between the center of gravity in ei 
Mid the center of gravity an devosiwA- 



Haul. 



307. When excavation is placed in embankment, there may 
be some diffloully In determining juat where any given seutiuii 
o£ excavation will be placed, and where ita center of gravity 
will be in embankment. 



In hauling excavation in embankment, there is some plane, 
as indicated by AB, to which aii excavation must be hauled on 
its way to be placed in embankment, and (another way of put- 
ting it) from which all material placed in embankment muat 
be hauled on iia way from excavation. We may figure .^e 
total haul as the sum of ^j^H 

(1) total "haul " ut excavation to AB, and ^^^| 

(2) total "haul" of embankment from AB. ^^H 
The total "haul" of excavation to AB and the tutal "haul " 

of embankment froin AB will moat conveniently be calculated 
as the Bura ot the hauls of tlie several sections of earthwork. 
For each section the haul is the product of 

(1) the solidity S ot that section, and 

(2) distance from center oif gravity of that section to the 

plane AB. 

308. When the two end areas are equal, the center of gravity 
will he midway between the two end planes. When the two end 
ureas are not equal in value, the center ot gravity of the section 
will be at a certain distance from the mid-section, aa showu 
by the formula 

' 12 ' S 

iu which X, = distance center oi pwi'fti Uswi.'a*ft.JWiWj*»a J 
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309. Referring to the figure below, and following the same 
general method of demonstration used on page 230, § 235, 



let ho = base = AqBo 

6i = " = AiBi 

Co = center ht.=OoGo 

ci = center ht.= Old 

I = length (altitude) 
of section =GoGi 

Aq = area of DoAqBoEo 

Ai = area of DiAiBiEi 

8 = solidity 




Also use notation 6,, c,, Ax for a section distant x from Gi. 

Find the distance of the center of gravity from AiBjiEiDi, and 
let this = Xc, Let Xg = distance of center of gravity from mid- 
section. 

Then for any elementary section of thickness dx and distance 
z from AiBiEiDi, its moment will be 

[&i + (&o - bi) ^] [ci + (Co - ci) ?] X dx 

S'Xc = ^^^bi + (bo - 6i) ^1 [ci + (Co - ci) j^xdx 

S X - ^1^1^^ I bi(co-Ci)l^ Ci(bo-bi)l^ (co-Ci)(bo-bi)l^ 
2 SI SI 4/2 



12 



1-2 



6 biCi + 4 6iCo + 4 boci + 3 6oCo 

— 4 6iCi — 3 6iCo — 3 boCi 

— 4 biCi 
+ 3 6ici 



^ • Xc = — X (biCi + biCo + Ml + 3 6oCo) 






biCi 4- ?>iCo -V bqCy -V 3 &oCo 
S 



(202) 
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What is wanted is Xg rather than ase* 
*^ = 2 ~ ** 

8=\C1 hici + 2 6oCo + ?>iCo + 6oCi) 
o 

^4 = 7^(2 &ici + 2 6oCo + 6iCo + 6oCi) (203) 

72 

^ • ajc = — (&iCi + 3 6(A) + 6iCo + 6oCi) 
^ '^9 — T^ (6iCi — 6oCo) 

J^ ^1-^0 (^ jn cu. ft.) (204) 

Xg = — Ax- Ac, .g .j^ ^^ ^jg V ^206) 

^ 12 X 27 8 ^ ^ ^ ^ 

310. The formula above applies to the solid shown in the 
figure, which has trapezoidal ends, but it will apply also when 
DoAo, DiAi, are each = 0, and therefore applies to such solids 
having triangular ends ; and since any section of earthwork 
with parallel ends may be divided into a number of such solids 
with triangular ends, it applies to all ordinary sections of rail- 
road earthwork, since it applies to the parts of which it is 
made up. 

To show that in fact this formula is correct for prisms, wedges, 
and pyramids, use a method similar to that shown on page 129 ; 
find for each solid an expression for Xg in terms of A and I ; 
reduce to the form 

^ _P Ai-Ao 
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311. The formula 



Xg = 



12 X 27 * S 



is not in form convenient for use, because we have not found 
the values of Ai and Ao^ but instead have caJculated directlv 
from the tables or diagrams, the values of 8i and So for 60 ft. 
in length, where 

S^ = '^A^. or A^=?L^ 
27 50 

27 
and Ao=^So 

60 

Substituting, ^100x100,^1-^0.27 
^' ^'"^ 12 X 27 8 60 



_100 .9i - .^0 
* S 



_ xuv oi - OQ .o/Wl>k 



This formula is in shape convenient for use, and results 
correct to the nearest foot can be calculated with rapidity. 

312. For a section of length I less than 100 ft. 

^' 12 X 27 Si 

|2 Ai - Ao 



1*^x27 ^,00 X ' 



100 

100 1 ^1-^0 



12 X 27 Sioo 

^ ^ 100 X 100 Ai-Aq 
''"^ 12 X 27 ' Siw 



Haul, 
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313. It is not, however, always necessary to calculate the 
position of the center of gravity of each station, or to calculate 
for each station the correction Xg. It may often be easy to 
calculate for a aeries of sections a correction to be applied 
to obtain the center of gravity of the entire mass. 




100 > 



To find the position of the center of gravity of the entire 
mass, let 

Xc = cent, of grav. for entire mass (approximately), 
using for each section e.g. at - 

X = tnie dist. to e.g. of entire mass 

Jig ^ JL — JLc 

So = i^Ao, Si = ^ Au S2 = etc., as taken from tables 
or diagrams. 

When all sections are of uniform length = / as in figure 
above, 

XcS = ^iSa +3/^6 +6.Vc) 

S(X-Xc)= SaXga + SiPCffh 4- SeXge 

=m[s.^^^+ s,^i^ + g. ^' - ^»1 

6 L Oa Sh ^c J 



100 



' 6 



(-S-O - ^8) 



or, in general, 



yr 100 So-Sn 
-Ao = — — ■ • 



6 



S 



(208) 



where S is the solidity of the eivlVt^ Tiv?ia!&. 
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314. Mnny questions of ' ' liaul " may be very uBefiilly treatt;ii 
by means of a, grapbical method, known to Home as " iiasa 
Leveling," in which is used a diagram eometlmea called e 
"Mass rroflle,'' but whiob will be referred to here aa tin 
"Mass Diagram.'" 

The construction of the " Maas Diagram " will be more clearly 
understood from an example tlian from a general deacriplion 

Let us consider the earthwork shown by the profiLe on p. 182, 
consisting of alternate "cut"' and "flil" To show the work 
of constructing the "diagram" in full, the quantities are ca 
lated throughout, but for convenience and simplicity, "level 
sectioua" are used and priamoidal correction disregarded, 
a case in actual practice, the solidities wiil have been calculated 
for the actual notes taken. 

315. In the table, p. 181, the 
iBt column gives the station. 
2d column gives center he'ighte. 
3d columu gives values of .5 from tables. 
4th column gives values of 8ioo or .Si for each section, and 

with sign + for cut or - for till. 

6th column gives the totAl, or the sum of solidities np to each 
station ; and In getting this total, each + solidity is added and 
eacl) — solidity is subtracted, as appears in the table from the 
results obtained. 

Having cumpleted the table, ttie next step is the construction 
of the •■ Mass Diagram," page 182. In the figure shown there. 
each station line is projected down, and the value from oolumii 
5, corresponding to each station, is platted to scale as an oSsfI 
from the base line at that station, all + qnaniities above tlie 
Ifae, and all — quantities below the line. Tlie points thu« fonnd. 
"e Joined, and the result is iVe " Mjisb Tv'va^pwro.." 



Mass Diagram. 



181 







Solidity fob 








Station. 


Gknter 
Heiouts. 


60' DUB TO 

Center 
Hbioiit given 
(Taken from 

Tables). 


Solidity 

FOB 

Section. 


Solidity 
Totals. 




















1 


+ 1.7 


71 


+ 71 


+ 71 




2 


+ 2.7 


120 


+ 191 


+ 262 




3 








+ 120 


+ 38? 




4 


-3.3 


116 


-116 


+ 266 




6 


-6.1 


204 


-320 


- 64 




6 


-2.9 


99 


-303 


- 367 




7 








- 99 


- 466 




8 


+ 2.4 


106 


+ 105 


- 361 




9 


+ 4.6 


223 


+ 328 


- 23 




10 


+ 2.6 


110 


+ 333 


+ 310 




11 








+ 110 


+ 420 




12 


• -3.0 


103 


-103 


+ 317 




13 


-6.3 


216 


-318 


- 1 




14 


-7.6 


367 


-572 


- 673 




ir, 


-8.4 


414 


-771 


- 1344 




16 


-4.3 


163 


-677 


-1921 




17 








-163 


-2084 




18 


+ 2.6 


115 


+ 116 


-1969 




19 


+ 3.6 


169 


+ 284 


- 1685 




20 


+ 4.9 


248 


+ 417 


-1268 




21 


+ 6.7 


373 


+ 621 


- 647 




22 


+ 7.5 


434 


+ 807 


+ 160 




23 


+ 5.2 


268 


+ 702 


' + 862 




24 


+ 2.4 


105 


+ 373 


+ 1235 




26 








+ 106 


+ 1340 




m 


-3.6 


129 


-129 


+ 1211 




27 


-Q.O 


266 


-386 


+ 826 




28 


-5.0 


199 


-456 


+ 371 




29 


-2.6 


86 


-286 


+ 86 




30 




1 





-* ^ 

\ 


^ -- ^ 



182 Railroad Curves and Earthvork. 




M<tg» Diui/ram. 



is; 



316. It will follow, from the mellioda of calculation and coii- 
Htruotion used, that the "Mass Di^^am" wlU bave iho toUow- 
iiig propertiea, which con be undewtood by refereuoe U> the 
profile and diagram, page 182. 

1. Grade poiiitH of the proSle correHpond to maximum and 
minimuiii points of the diagram. 

2. In tbe diagram, ascending linea mark excavatfon, and de- 
scending lines embankment. 

3. The difference in length between any two vertical ordinatea 
of the rliagram is the solidity between the points (stations] at 
which the ordinates are erected. 

4. Between any two points where the diagram Is intersected 
by any horizontal line, excavation equals embankment, 

5. The area cut off by any horizontal line is the measure of 
the "haul" between llie two points cut by that line. 

317. It may be necessary to explain the latter point at aome- 
what greater length. 

Any quantity (such aa diraeiiaion, weight, or volume) Is ofteu 
represented graphically by a line ; in a similar way, tbe product 
of two quantities (sucb as vulume into distance, or as foot 
pomids) may be repreaenled or measured by an area. In the 
case of a llgute other than a rectangle, the value, or product 
measured by this area, may be found by cutting up the area by 
lines, and these lines may be vertical lines representing volncnes 
or horizontal lines represeutlng distance. The result will be 
a either case. An example will illustrate. 

In the two figures let 
a and h represent pounds 
c " feet 

anil the area of the trapezoid 
represPiit a certain number 
i>[ foot pounds. The trape- 
>iil inity be resolved into rectangles by the use of a vertical 
ae, OS shown in Fig. 1, or by a borlxantaJ line, as in Fig. 2. 




In Fig. I, the area is n x ~ 

In Fig. a, the area is ^^^ 

the result of ooons being Ihe s 
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MuHK Diagram. 185 

318. In an entirely similar way, l!ie area ABC (p. 184) repre- 
sents the "haul" of earthwork (in cu. yda. moved 100 ft.) 
between A aod C, and tbU area may be calculated by dividing 
it by a series of vertical lines representing aoliditiea, ea shown 
above G and F- Tliat this area tepresenta the haul between 
A and C may be shown as follows : — 

Take any elementary solidity dS at D. Project tills down 
upon the diagram at F, and draw the horizontal lines FG. 

Between the points F and G (or between D and I), there- 
fore, excavation equals embankment, and the mass d8 must ba 
hauled a distance FG, and the amount of "haul" on dS will 
be dS X FG, measured by the trapezoid FG. SimUarly with any 
other elementary dS. 

The total "haul" between A and C will be measured by the 
sum of the series of trapezoids, or by the area ABC. This area 
is probably moat conveniently uieaaured by the trapezoids 
formed by the vertical lines representing solidities. The aver- 
age length of haul will be this area divided by the total solidity 
(represented in this case on p. 182 by the longest vertical line, 
2064). 

319. The construction of the " Moss Diagram " as a series 
of trapezoids involves the assumption that the center of gravity 
of a section of earthwork lies at its mid-section, which is only 
approximately correct since 8 for the first 60 ft. will seldom be 
exactly the same as S for the second 60 ft of a section 100 ft. 
long. If the lines joining the ends of the vertical lines be made 
a curved line, the assumption becomes more closely accurate, 
and U the area be calculated by "Simpson's Kule," or by 
pinnimeter, results closely acciirate will be reached. 

It will be further noticed that hill seotions in the "diagram" 
represent haul forward on the profile, and valley sections haul 
backward. 1'he mass diagram may therefore be used to Indi- 
cate the methods by whioli the wotIc shall be performed ; 
whether excavation at any point shall be hauled forward or 
backward ; and, more particularly, to show the point where 
backward haul shall cease and forward haul begin, as indicated 
in the figure, p. 181, which shows a very simple case, tile cuts 
and fills being evenly balanced, and no haul over 000 feet, with. 
.0 necessity for either bongwin^ oi 'n«A\.\n%. 
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Mass Diagram, 187 



320. Is the figure, page IBS, the uxcavaliou from Su. to 14 is 
very much in excess nf embankment, w\A vice versa from Sta. 14 
to 30. The mitHs diagram indicateH a. haul of nearly 3D00 ft. 
for a large mass of earthwork, nieajiured by tlia ordinate AB. 
It will uot be economical to baul the lunterial 3000 ft. ; it is, 
better to "waste" aome of the material near Sta. 0, and t*i 
'■ borrow " auuie near Sta. 3D, if tliis be possible, as is commonly 
thecaae. 

If we draw the line CD, the cut and fill between C and D will 
still be equal, and the volume of cut measured by CE can be 
wasted, aiid the equal volume of fill measured by DF can be 
borrowed to advantage. It can be seen that there is still a haul 
of nearly 2000 ft. (from A to D) on the large masa ot earthwork 
measured by GH, It ia probable that it will not pay to haul 
the mass GH, or any part of it, as far as AO. 

321. We ninst find the limit beyond which it ia unprofitabie 
to haTtl material rather than ftoiTOio and vwte. 

Let c = coat of 1 cu. yd. excavation or embankment. h 

A = coat of haul on 1 cu, yd. hauled 100 ft. ^| 

n = length of haul in " stations" of 100 ft. each. ^H 

Then, when 1 cu. yd. of encnvation ia wasted, and 1 cu. yA^ 
of embankment is borrowed. 



When 1 ou, yd. of excavation is hauled into embankment, 

coat = c-i-nh 
The limit of profitable haul is reached when 
•2c = e4-nh 



Example. When eicavation or embankment is 1 
I. yd., and haul ia I) ci 
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Mass Diagram. 1813 

332. In the fonner case (1^00 ft. haul) no should draw in 
maaa diagram (p. 188} Uie lioe KGL Here KG is less than 
1200 ft. The line should not be lower than G, for !u that case 
the haul would be nearly as great as KL, or more than 1200 ft. 

In the latter caae (80U ft. haul) the line would be carried up 
to a point where NM = SOO ft. Tlie masses between N and A, 
also C and 0, can better be wasted thau hauled, and the masses 
between M and G, also L and Z, can better be borrowed than 
hauled (always provided that there are suitable p]ai:e8 at hand 
for borrowing and wasting). 

Nest, produce NM to R. The number of yards borrowed 
will be the same whether taken at RZ or at MG + LZ. That 
arrangement of work which gives the smallest "haul" (product 
ot ca. yds. X distance hauled) is the best arrangement. The 
" haul " in one case is measured by GLRYU, and. in the other 
by MGU + U¥R. U MGU is haa than GLRU, then it is cheaper 
to borrow (tt) RZ rather than (ft) MG + LZ. 

In a similar na; material NT and SO caci be wasted more 
economicuily than NA and CO. 

The moat economical position for tiie line MR is when MU = UR. 
For ST, when SV = VT. For any change from these positions ot 
MR and ST will show an increase of area representing " haul." 

323. Tlie case is often not as simple as tliat here given. 
Very often the material borrowed or wasted has to be hauled 
beyond the limit ot " free haul." The limit beyond which It is 
unprofitable to haul will vary according to the length of haul 
on the borrowed or wasted material ; the limit will, in general, 
be Increased by the length of haul on the borrowed or wasted 
material. The haul on wasted or borrowed material, as NT, 
may be shown graphiaally by NTXW, where NW = TX shows 
the length of haul, and NTXW the " haul " (mass X distance). 

The mass diagram can be used also for finding the limit of 
"free haul" on the profile, and various applications will aug- 
ust themselves to those who become familiar with iU use and 
the principles of Its constructJon. Certainly one of its tnosi 
important uses is in allowing '' haul" and "borrow and waste" 
to be studied by a diagram giving a comprehensive view of the 
wliule situation. There are few if any other available methods 
ul accDDiplisliing this result. 
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